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+ 4+ + + +
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APRI L 3, 2007
+ 4+ + + +
The neeting was convened in Room T-2B3 of Two
White Flint North, 11545 Rockville Pike, Rockville,
Maryl and, at 8:30 a.m, Dr. J. Sam Arm jo, Chairnan,
presi di ng.
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P-ROCEEDI-NGS
(8:29 a.m)

CHAI RVAN ARM JO. The neeting wi Il now cone
to order. Do we have a -- is that our m crophone
there? kay. Geat. That's an inprovenent.

This is a neeting of the Advisory
Commttee on Reactor Safeguards Subcomittee on
Materials, Metallurgy, and Reactor Fuel. | am Sam
Arm jo, Chairman of the Subconmttee. Subconmttee
menbers in attendance are Bill Shack and Tom Kress.

The purpose of this nmeeting today is to
di scuss proposed staff revisions to the Standard
Review Pl an Section 4.2, "Fuel System Design." The
Subconmmittee will hear presentations by and hold
di scussions with the NRCstaff, their contractors, and
ot her interested persons regarding these matters.

The Subcommittee will gather information,
anal yze relevant issues and facts, and formulate
proposed positions and actions, as appropriate, for
deliberation by the full Conmttee. Ralph Caruso is
t he designated federal official for this neeting.

The rules for participation in today's
neeti ng have been announced as part of the notice of
this nmeeting previously published in the Federal

Regi ster on March 20, 2007. A transcript of the
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neeting is being kept and will be made avail abl e as
stated in the Federal Register notice. It is
requested that speakers first identify thenmsel ves and
speak with sufficient clarity and vol une so that they
can be readily heard.

| would also like to rem nd the Menbers
that the Conmittee has determ ned t hat speakers shoul d
be allowed the first ten m nutes of the presentation
time wthout questions from the Menbers. W have
received several requests from nuclear industry
organi zations to nake presentations, and they have
been included in the agenda for the day.

W will now proceed with the neeting, and
| call on M. Anthony Mendiola of the staff to begin.

MR.  MENDI OLA: Thank you, sir. Good
norni ng, everyone. As a matter of introduction, ny
name is Anthony Mendiola. | amthe brand new Branch

Chief for the Nucl ear Performance and Code Revi ew

Br anch.

|"ve only been in the job about a nonth
and still learning a lot of the things that we're
doing and in this case still learning a little bit

about the status and the history behind what we've
done with Standard Review Plan Section 4.2, "Fue

System Design. "
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Also, to let you know, I'mal so suffering
alittle bit fromthe hay fever, so excuse ahead of
time if I sniffle and/or my voice changes during the
course of the presentation.

The purpose for nmy part of t he
presentation today is to introduce ny staff, which
will be making the majority of the presentation. The
staff appears today in front of the Subcommittee to
performan i nformational briefing, information update
on the staff actions thus far with the Standard Revi ew
Pl an 4.2 updat es.

The St andard Revi ew Pl an SRP updat es were
somet hing that we as staff had consi dered for a period
of tinme but, of course, becane much nore of an
i nperative in the | ast coupl e of years due to the fact
of the goal to have the SRPs updated in tinme for the
COL applicants, which are expected toward the end of
this fiscal year and have them in place six nonths
before those applicants canme into the NRCwith their
appl i cati ons.

The presentation consists of two parts
today. The first part, of course, is a detailing of
the revisions to SRP Section 4.2, and the second part
is a conversation and i nformati on associated with the

reactivity-initiated accident interimcriteria, which
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is Appendix B of the revised SRP. W will not have a
di scussi on about the changes associ ated wi th 50. 46(b)
except its criteria, as research is still continuing
their work on those topics.

The revision to the SRP 4.2 basically is
to provide the staff gui dance regardi ng the revi ew of
new fuel system designs that have been updated to
capture a variety of | essons | earned froma variety of
sources over the years. These sources are outlined
here on the slide, but nmost of them I'm sure nost
folks in the roomare famliar wth.

| ndustry operating experience, various
fuel research progranms, and the revi ew of advanced
fuel designs and advanced cl addi ng material s have | ed
us torevisit the material in SRP 4.2 and to basically
update it fromthe previous versions. As | nentioned,
it becanme the opportunity torevisit thecriteria, and
the staff has developed RIA interimcriterion
gui dance to support the new reactor |icensing that we
expect at the end of this fiscal year.

We've had industry coments. W've
received a variety of Industry coments based
primarily around the two public workshops that we had
at the end of 2006, and |'mcertain we'll get

addi ti onal conments as we get closer and cl oser to the
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COL applications arriving at the NRC

As | mentioned, SRP Section 4.2 Appendi X
B specifies new restrictive fuel cladding failure
criteria, discusses core coolability criteria and the
radi ol ogi cal source term and presentations later wll
get into nmuch nore detail than | can offer at this
point. W are currently finalizing our criterion
gui dance and wi |l make the necessary revisions to the
Reg Gui des associated with this part of the SRP

That's fundanental ly just an introduction.
| have two staff nmenbers that will be naking the
presentation. The first part of the presentation wll
be the revision of the actual SRP, and Dr. Shi h-Liang
Wi will be conducting that part of the presentation,
and t hen when we di scuss the RIAinterimcriteria, Dr.
Paul Clifford of ny staff will be perform ng that part
of the presentation.

So, beyond that, if there's any questi ons,
l'"d like to ask Dr. Wi to cone up front.

And for everybody's information, of
course, there's handouts in the back of the
presentations the staff will be making today.

DR. WJ. Good norning. M nane is Shih-
Liang Wi. | have been working on SRP now for al

t hese years, so is the opportunity for ne to present
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that the new update in our -- the version of the --
the version in Mrch of this year, the updated
ver si on.

Let me just start. Nowthis slide, we're
just trying to run down, you know, the history of the
SRP, so we start with the July 1981 and then the Apri
1996 and then the March this year.

So the SRP 4.2 is based on the 1996
version, and then we tried to update, and then as
Tony, you know, nentioned earlier that we took this
opportunity to update based on the present feelings
with the industry |essons |earned and research, you
know, data and al so recent revi ew of the advanced f uel
and design and al so the new cl addi ng materi al .

And then | just -- | tried to run through
inorder alittle bit quickly, because this is just a
structure that, you know, famliar with, that is
famliar with the way we design. You know, all these
are straightforward. The SRP is based on -- the
structure has design bases, description, and design
drawi ng and the design evaluation. And then design
bases has -- you know, there's three category, fuel
system danage and the fuel rod failure and the fuel
cool ability.

And the fuel system damage has -- we
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listed eight itenms now, and fromhere on, okay, | wll
only present those we changed. Those | do not present
inanitem that neans we did not -- either we did not
make any changes, or there is little change, which it
neans little change | mean there is some — there is no
significant, you know, technical change.

kay. So the first itemwe made change is
t he oxidation, hydriding and the crud, and now this
itemis -- in the past, in our old SRP, we only
nmenti oned t hat you need to consi der, you know, ther nal
effect in the fuel performance, you know, in terns of
oxi dation, but the current version we talk about a,
you know, unspecific limts, and then these lints has
to be based on nechanical testing to show, you know,
adequate strength and ductility.

Vell, et ne just say | know we under st and
t hat oxidation and the crud is sonetinmes to difficult
to distinguish, so | understand the Industry usually
do not, you know, specifically specify how rmuch the
oxi dation, how nmuch t he crud, because there were t hese
nmeasurenents, so all these letters | would like to
just say early that all these are guidelines. That
doesn' t neans that you're strictly you had
di stingui shed and how nuch i s oxidation, how nuch the

crud.
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The  next slide shows, you  know,
di mensi onal changes, and the sanme thing. The raw
growh and the irradiation growh are old itens, and
then the third item the fourth item that neans you
can see that this is the PWR recently about just, you
know, that recently we just -- our experience showed
t he channel box can cause in the -- the channel box
causing the control plate insertion problem and then
this channel box pole 1is causing differential
irradiation growmh, and it showed corrosion and the
stress rel axation.

Especially this shadow corrosion is a new
phenonenon, and that's the reason that we include it
inthis. So this is one exanple we use in -- we call
i n our industry, you know, experience | earned, | esson
| earned, and so in this case we -- in the nunber four
we said in the PMR we may require in the future, you
know, testing of severity to ensure control clad
insertion pellet, but actually, ny understanding is
the Industry already -- you know, BWR Omners' G oup
has put out they <call guidelines for period
surveil |l ance.

And then the next itemis the rod internal
gas pressure. The first -- the nunber one -- the

first one, it says fuel and burnable poison rod
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internal gas pressure renains below the system
pressure. This is a very old criteria.

Now the second one is rod internal
pressure is allowed to exceed the system pressure
based on these, you know, three conditions: no
cladding liftoff and no hydride reorientation and no
DNB propagation. And then based on these you can
allow it to exceed system pressure, and ny
understanding i s that nost i ndustry al ready, you know,
exceed system pressure based on the second, based on
t hese, you know, the criteria on the second item So
this also say, denonstrate that all these, you know,
fuel criteria is evolved through all these years.

MEMBER SHACK: But if the old criteria is
nunber one, how do they proceed to nunber two before
you rewite the gui dance?

DR WJ: What isthat? |I'msorry, | didn't
-- I"'msorry.

MEMBER SHACK: You know, the original
gui dance is nunber one that you remain below the
system pressure, and yet you' ve said that, you know,
they already routinely exceed the system pressure,
al t hough they neet these criterion. Was that revi ened
as a separate exception?

DR. WJ: Yes. The older fuel vendors, you
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know, they all supplied topical report to denonstrate
when they exceed the systempressure. O course, now
there's a certain limt that you can exceed

i ndefinitely.

There's a certain, you know, a certain
l[imt that not even, you know, vendors, and then so
based on the, you know, the topical report, we review
themto satisfy all these three conditions, so then we
allow themto exceed system pressure.

MEMBER SHACK: kay, so you're basically
systenmati zing something that you' ve done under a
topi cal report approval in the past?

DR WJ. Yes. Right. Yes.

CHAI RVAN ARM JO What are the limts on
the cladding liftoff? | mean, in principle, once you
have the internal pressure exceeding the system
pressure, there should be cladding liftoff.

DR. WJ:. No. No, because you are -- the
way the system-- in the case of the PWR 2200 psi.
You need to exceed it in quite an anmount in order to
force in cladding push and forcing the claddi ng push
away fromthe field, not i mediately, right away.

CHAIRVAN ARMJO So there's a certain
delta-p that's all owabl e.

DR WJ;. Right. Now !l think usually the
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rod nunber is about you had to go beyond 700 psi
beyond, you know, 2200 psi. Then you're starting --

CHAl RVAN ARM JO  So around 3,000 psi or
something |ike that?

DR. WJ. Yes, is about our range, yes.
Yes, that range. Then you starting seeing the
cl addi ng starting nove away from fuel, yes.

The next item the control rod reactivity
and the insertability, and the first one the people
sees old story that, you know, we don't allowit to,
to leach away from the cladding, and then the
remaining - and the next item2, 3, 4, and 5 is --
t hese are the new, okay.

The first one is changing control rod
configuration. W neant if you change the, you know,
geonetry, the shape you change, and the new materi al ,
it could be -- we're tal king about any that you use
new absorbent nmaterial, and the next itemis changing
el ectronic and the nechanical lifetine.

Now what this neans -- this neant that if
you, with the current design, and then you're trying
to nmake a control blade, a control rod stay in the,
you know, in the reactor a |longer tinme based on sone
el ectronic -- based on your el ectronic, you know, core

design or based on sonme starting nechani cal change,
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then you need to justify it to prolong the lifetineg,
you know, justify that.

And then the last itemis a change in
nmechani cal design is if you -- what it neans you're
changing the, you know, the basically the strand
nature, but | just -- from hindsight we think, you
know, the nunber 2 and nunber 5 should be, you know,
nmerged together, so this is the thing we can inprove
in the futures.

kay, so we're finished with the fuel
system damage, and then we go to the second item
It's fuel rod failure, and then here we list is also
eight itens. The sane thing, |I'll present only the
one we nake change.

Now hydriding is in the past we only
speci fy, you know, the internal hydriding. This talk
about, you know, fuel rod, | nmean, the fuel failure
should -- the noisture should be limted, and then we
add on external hydriding.

This is kind of new, but | want to
enphasi ze t hat, you know, enphasi ze that this external
hydriding we did not nmean -- we didn't specify the
l[imt. W just think the source of hydriding can be
from internally, from internal and also from

externally. So in actuality, we didn't specify what
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is a external hydriding issue considered.

And next one i's pel | et/ cl addi ng
interaction, and here is the PCl of it is, you know,
we're all famliar with, and then we add on one PCM,
you know, pellet cladding mechanical interaction, and
then this PCM is, you know, strain driven affected,
you know, fuel pressure cl addi ng, and then the causi ng
t he cracki ng.

And then the one percent strain limt is
still same. The only things we add on that, you know,
nmechani cal testing to show that irradi ated cladding
remai n ductile to sustain the one percent strain
[imt. This is new, and then we just -- well, this
nmeani ng to deal with the high burnup effect that we're
concerned t hat when you go to hi gh burnup, irradiated
cl adding may not be able to sustain, you know, one
percent strainlimt. And then the last item no fue
nelting, that's sane.

And then bursting, basically this still
t he sane t hi ng, and we based on NUREG - 0630, "d addi ng
Swel ling and Rupture Moddels,” and then of the burst
you need to consider a flow bl ockage.

So the last itemis new, because when we
allow, you know, raw pressure to exceed system

pressure, then we start a concern LOCA condition.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

17

Then LOCA accident you could have had, you know,
bursting causing the flow blockage. This is our
concern during one of our topical review so --

CHAIl RVAN ARM JO. What kind of non-LOCA
acci dent are you concerned about specifically? Just
give ne an exanpl e.

DR WJ Yes, sure. Paul?

MR, CLIFFORD: Hello. M nanme is Pau
Clifford, NRR A good exanple would be the |ocked
rotor event. During that event, the certain nunber of
fuel pins would experience DNB. C ad tenperatures
woul d increase, and cladding would creep out due to
the rod internal pressure.

DR. WJ: So then the next category is fuel
coolability, and then there's five itens. The first
one is cladding enbrittlenment, and then we didn't
change, you know, the others, 2200 and 17% ECR.  The
third bullet is neasuring -- we're planning a
rul emaki ng to inplenment performance-based acceptance
criteria. That's in the near future.

Vell, this fuel rod ballooning is the
bursting, as we tal ked earlier, and that's finishing
t he desi gn bases, and then the one | go to, the right,
| mean, the last itemis a design evaluation. W nmade

a coupl e changes.
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Inthe section 3C. Analytical Predictions,
we add on cladding collapse and the fission product
inventory. Now this cladding collapse is the --
because, you know, we're dealing with a | ot of fue
desi gn change, and t hen sone of this cladding coll apse
was overl ooked, you know, with the | ast one subm tted,
but the vendor did not or licensee did not really | ook
into the coll apse.

O course, this would not happen, but we
just sonmehow feel that this needed to be enphasized
t hat what ever, you know, your new design, you need to
go back to check your old approved code to make sure
that your new designs still remain valid for, you
know, for this particular cladding col |l apse anal ysi s.

And then the last itemis fission product
i nventory based on, you know, 10 CFR 100. It's old,
and then the newone is -- and this is already in the
10 CFR. It's, you know, 50.34 is for new reactors,
and the 50.67 is for existing reactors, and then for
non- LOCA acci dent we even, you know, we allow to use
ANS 5. 4 nodel

| think that finish ny talk. Any
guestion? Thank you.

MR. MENDI CLA: Conti nue on?

CHAI RVAN ARM JO.  Yes.
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MR. MENDI OLA: Ckay. Honorary Dr. Paul

Cifford.

MR. CLIFFORD: Good norning. M nane is
Paul difford. 1've been with the staff for about
four years. This is ny first opportunity to present
to the ACRS. Even though |I've only been here for four
years, | feel like an old-timer with all the new
hires.

| always thought it best when naking a
presentation to answer the fundanental questions, what
and why, and we'll get on to how and when. The what
is the reactivity-initiated accident. For people in
the room that aren't too famliar with it, these
events consist of the control rod ejection for the
PWRs and the control rod drawbacks for the BWRs.

The next question would be why. Wy am|l
here today? Wy has the staff issued interim
criteria? And there's really two nmain reasons why we
decided toissueinterimcriteria for this category of
events. The first is for the licensing of the new
reactors. W expect many, many COL applications in
six nonths or so, and we felt it was tine, and there
was a need t o devel op conservative acceptance criteria
and gui dance noving forward with this next generation

of reactors.
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And the second reason was really to
provi de a good target for the Industry. The Industry
will be presenting material |ater on where they wll
be di scussing the inplenmentation of new criteria for
the current operating fleet, and it takes -- it wll
take time for the Industry to devel op the net hodol ogy
and to develop a strategy for dealing with this nuch
nore restrictive criteria, and providing interim
criteria gives thema good target.

It's difficult to devel op net hodol ogy if
you don't know what you're shooting for, so we're
providing a target for the inplenmentation of the
current --

CHAIRVAN ARM JO Now to nmake sure |
understand, theinterimcriteria are intended to apply
to new reactors, but when do they get applied to
exi sting reactors, or will they ever?

MR. CLI FFORD: The strategy we have, and |
can go to the next slide -- we have a two-stage
approach. As nentioned, the interimcriteria wll
apply to the new reactors, all the new reactors that
are comng in for licensing, and over the next 18
nont hs we' re gonna be doing a nore ri gorous eval uati on
of the existing database, and there's al so upconi ng

testing that will hopefully provide us with a |lot of
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val uable information that we can use to potentially
rethink and reune this criteria, and we woul d expect
that after 18 nonths we would be in a position where
we would finalize the criteria and gui dance.

W woul d revise Reg Guide 177, Reg Guide
1. 183, and Reg Guide 1.195, and at that point we woul d
performa 5109 backfit anal ysis and determ ne the
i npl enentation on the current fleet.

CHAI RMAN ARM JO  kay.

MR. CLIFFORD: That's really the |ast
slide, so | guess | started at the end.

CHAI RVAN ARM JO Yes, but it gives us the
whol e picture.

MR CLIFFORD: Right. |It's inmportant to

recognize as we go through the slides that NRR is
bui | di ng upon Research's fine work in this area.
RI L0401 was i ssued i n March of 2007, which provi ded an
assessnment of the currently operating units and
concluded that there is overly conservative nethods
being used in the field such that the consequences of
an event were it to occur would be acceptable. 1In
fact, they conclude that fuel cladding wouldn't even
fail during even the worst postul ated acci dents.

So we have an operability assessnent in

our back pocket for the current operating fleet, so
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that's really one of the main reasons why we feel we
can wait the 18 nonths to then fine-tune themand then
i npl enment themto the current fleet.

CHAI RVAN ARM JO And you' re thi nking t hat
t hat conservati sm m ght not exist in new plants?

MR. CLIFFORD: New plants could have
different fuel designs, different rod works. There
could be a lot of different fuel managenent
strategies, which could potentially nake the event
worse. W don't have an analysis for all potenti al
new reactors, so there's really no way of saying that
we have tine there.

CHAI RMAN ARM JO  kay.

MR. CLIFFORD: Yes. The agenda will
consi st of two distinct areas, and it's always good to
identify that there are two distinct areas, because
there will be nunbers being thrown around today, and
peopl e have al ways gotten confused between 170, 280,
230, 200, and so | broke this up into two.

The first is t he r adi ol ogi cal
consequences. Now this is to satisfy Part 100. To
neet Part 100 doses, you need to know two things, how
many pins fail and what's the source termfrom each
pin that did fail.

So we are first -- inthe first half going
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to be discussing what is the criteria or the threshold
at which fuel cladding fails. Then we will be going
on to what is the source term \Wat is the isotopic
popul ation, say, that will be released that will need
to go into your dose cal cul ati on?

And t hen secondly and separately, we w ||
be talking about core coolability, and this
presentation will deal with nmeeting the requirenents
of 10 CFR 50, Appendix A, GDC 28 requirenents.

| have a format on these slides | want to
make sure that everyone is aware of. Pretty nuch
first I"'mgoing to identify what the current criteria
guidance is. Then I'mgoing to identify what's w ong

withit, and then finally I'mgoing to propose or |'m
going to identify what the interimcriteriais.

The current criteria for fuel cladding
failure is specifiedinthe current SRP, or | guess it
was the previous SRP now, and it states that the for
BWRs a radi al average fuel enthal py greater than 170
calories per gramwould result in cladding failure,
and if you exceed your fuel design limts, say DNBR
for instance, then you woul d have to presune there was
cl adding failure.

Now t he problemwi th the current criteria

is it's based upon testing on very | ow and soneti nes
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fresh fuel rods, so the effects of high burnup or |ong
residence tine and corrosion aren't really taken into
effect in the database that supports those current
criteria.

The 170 calories per gramis not always
adequate to protect rod integrity, and another thing
is that the presunption of fuel failure based upon a
steady-state critical heat flux correlation nmay be
overly conservative for a transient, which is over in
a matter of seconds.

It's inmportant to identify the cladding
failure nechani snms, because there are several. The
first is the high tenperature cladding failure, which
consi sts of post-DNB oxidation and enbrittl enment and
fuel rod ballooning. The second is PCM, pellet-to-
cl addi ng nmechani cal interaction, and the third would
be nolten fuel expansion and plastic flow of the --
essentially nelting of the cladding.

MEMBER SHACK: Very plastic.

MR. CLI FFORD: Yes, exactly. For the first
nmechanism which is the high tenperature cladding
failure mechani sm this phenonena has been reported in
several of the RIA test prograns that have been
conducted since the 1970s, and it is nore limting

than the PCM failure.
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You have fresh fuel that has |[|ow
corrosion, lots of ductility left in it. Generally
that type of fuel can withstand the thermal swelling
of the pellet, but you can kind of get bit by going
into DNB and dry up.

The sensitivities of this failure
nmechani sm woul d be anything that affects the heat
transfer for the fuel rod and anything that affects
rod internal pressure, and it's sensitive to tota
fuel enthal py as opposed to a change i n fuel enthal py,
which we'll get to.

The next slide here shows the enpirical
dat abase to date for all of the tests, the reactivity-
initiated accident test prograns, and here we have t he
non- PCM fail ures.

MEMBER SHACK: Wiy don't these show sone
trend with burnup? You know, you tell me your
sensitivity is the fact there's the influence --
internal pressure and total fuel enthal py, and yet |
see no -- at least, it looks like a shotgun here
agai nst bur nup.

MR CLIFFORD: It would be trenmendous
burnup effects, because --

MEMBER SHACK: There shoul d be, yes, but |

don't --
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MR. CLIFFORD: -- because inreal life the

anount of power you would get froma high burnup rod
would be less. |In other words, you would have
depletion of your fissile materials such that these
rods would be less likely to be the linmting rods.
However, in these test reactors, renenber they're
driving the rods to a given power.

CHAIRMAN ARMJO | think -- nmybe |
m sunder st ood.

MR CLIFFORD: So it's not like -- you've
done an evaluation so that the high burnup rods, al
of themwoul d be significantly higher fuel enthal py in
the high burnup, so the | ow burnup woul d have high
ent hal py, and t he hi gh burnup woul d have | ow ent hal py.
Here they're all driven to a target enthal py.

CHAI RVAN ARM JO. But he capability of the
material is denonstrated by these tests. It says the
material can take -- will not fail by this nmechanism
until you get to these high enthal pies.

MR. CLIFFORD: Right. This failure is not
driven by, for instance, the nmechani cal properties of
t he cl addi ng, so the effect of burnup on the cl adding
doesn't drive this mechani sm

CHAI RVAN ARM JO Yes, what' s t he corrosion

failure?
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VR. CLI FFORD: [t's not a corrosion

failure.

CHAl RVAN ARM JO What kind of failure is
it?

MR CLIFFORD: It's a DNB failure, or it's
a balloon rupture failure. It would be very sensitive

to fuel desi gn, assenbly design froma DNB
perspective, and it woul d be very sensitive to burnup
froma rod i nternal pressure perspective, because the
hi gher burnup fuel rod would have a higher rod
internal pressure, so it has the potential to ball oon
nore readily if it were to achieve high enough
t enper at ur es.

MEMBER SHACK: But basically | can drive
raw i n any of these burnups to this enthal py is what
you're really argui ng here.

CHAI RVAN ARM JO I n the test reactor.

MEMBER SHACK: In the test reactor, and it
won't fit, so it has that capability.

MR. CLIFFORD: Right. Here the 170, the
red line, that's the current acceptance criteria in
the SRP, and | put it up heretoillustrate that there
are situations where the 170 woul d not be
conservative, and I'll get to those. In these

particul ar cases -- well, we can tal k about them now.
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These BIGR rods had a high rod internal

pressure that exceeded the capsule pressure in the
test rig such that once they approached DNB and
dryout, they ballooned and failed in that manner, so
thereis a-- there is sonme dependency on rod i nternal
pressure.

Here's a figure. | hope it shows up
better in your plot. Here's a figure that was
provi ded by EPRI during one of our public workshops,
and this is a plot of alot of NSR I ow burnup data and
the Russian data from BIGR and IGR, and it kind of
shows the sensitivity of failure with differential
pressure or pressure across the cladding.

We used this information in conbination
with our own evaluation to come up with our first
criteria, and that's the bold criteria here.
Essentially, to determ ne cl adding failure due to high
cl addi ng tenperature failure nmechani sms, we've drawn
two lines in the sand.

The first one is 170 cal ories per gram
and that is for any fuel rod where the rod internal
pressure is |less than system pressure, and the next
lineinthe sand is at 150 cal ori es per gram and that
is to capture the balloon burst effects if you have a

rod internal pressure that's high
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The second hal f of this paragraph states
that for internediate and ful |l - power conditions, there

is still the presunption of cladding failure of you go

into DNB. So essentially we have an enpirically based

failure point at zero power, but once you reach power,
once you're at power, it's inpossible to know -- or |
shoul dn't say inpossible to know.

There is a wide variety of fuel designs
and operating conditions, and at any point in the
fleet you could fuel designs that are, you know,
either this far fromDNB or this far fromDNB, soit's
difficult to say that a certain calorie per gramwoul d
cause themto go to dry-out, so there are anal ytica
tools, and there is specific critical heat flux data.
Al thoughit's probably alittle overly conservativeto
apply themin this case, it's still conservative, so

MEMBER KRESS:. This database you have on
failures, non-failures due to RIAs --

MR. CLI FFORD: Yes, sir.

MEMBER KRESS: -- those conme out of burst
test reactors, | presune?

MR. CLI FFORD: These are all of the -- this
is the test data fromthe RIA Program

MEMBER KRESS: Those are test reactors.
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MR, CLI FFORD: CABRI.

MEMBER KRESS: Now | presumne there's sone
criteria on the anplitude and the width of the RIA
i nput that has to be mapped in order to be applicable
tothe real RIA accident. | nean, | could see how you
could insert a given amount with a long tine and a
short anplitude or short time and high anplitude. 1Is
there acriteria for the tests to neet that's based on
sone sort of concept of --

MR CLIFFORD: Well, let me start out --

MEMBER KRESS: | would guess the high
anplitude/low tinme woul d be nore severe.

MR. CLIFFORD: Well, for this particular
failure nechanism it's really a total length. It's
how nuch energy you put into the system so that you
can go into DNB. A short pulse, a high pulse, would
be worse for a clad strain if you wanted to pul se the
fuel pellet so that it pushed out on the claddi ng and
potentially failed it that way. Here's it's really
total length. It would be over a period of tine that
causes you to go into DNB. And all of this
i nformati on here has been presented to the staff.

MEMBER KRESS: That presumnes you don't | ose
much of the heat.

MR. CLIFFORD: Ch, right. R ght. There's
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all sorts of -- there's all sorts of variabl es.
MEMBER KRESS: Yes.
MR CLI FFORD: And each of these tests, as
was present ed when RI L0401 was presented to the staff,
each of these test reactors has different conditions

which are non-typical of a power reactor. For

i nstance, sonme may -- the pulse width could go from--
| think they go froma couple hundred mlliseconds to
three or four mlliseconds, and sone are done --

| nmean, CABRI was done in a sodiuml oop,
which really doesn't give you a good DNBR rel ative to
water. Sone were done in cold conditions. Some we
got at nospheric pressure. Some were depressurized, so
there's a lot of variables.

CHAI RVAN ARM JO. These are just raw dat a.
They're not adjusted for systempressure, pulse width

MR CLI FFORD: Correct.

CHAI RMVAN ARM JO -- cl addi ng tenperature
or anything |ike that.

MR CLI FFORD: Correct.

CHAl RVAN ARM JO Raw test reactor data.

MR CLI FFORD: Raw dat a.

MEMBER KRESS: That nmay explain -- | was

trying to figure out how at a given burnup why there
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is such a range of inpacts in the test, actually.

CHAI RVAN ARM JO. The open circl es are non-
failures.

MEMBER KRESS: Ch, yes. | understand that.

CHAl RMVAN ARM JO | mean, the only things
that failed are the filled-in synbols.

MR CLIFFORD: Correct. Each of the
synbols is a different test speci nen, so what ever they
were targeting for that particular test is what they
achieved. 1In other words, if they targeted a | ow
ent hal py, then maybe they didn't fail, and if they
targeted a high one, they failed.

MEMBER KRESS: Well, | was wondering, for
exanple, why the circles in the NSRR test at high
burnup never exceeded -- why the test never exceeded
the 170. It's probably because they can't get up
there, right?

MR CLIFFORD: It is difficult to get the
hi gher burnup up there. It depends on the -- it
depends on the reactor. You know, also, another
reason mght be that they were targeting a |ower
enthal py for the test, because they had seen PCM
failures at a |ower enthalpy for the higher burnup
rods, so there was -- if you were devel oping a test,

there's noreasonto goto 170 if youthink it's gonna
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fail at 70.

MEMBER KRESS: Yes, you're right.

MR CLI FFORD: As | mentioned, this doesn't
have any of the PCM failure data, though.

MEMBER SHACK: Just on this one --

MR CLI FFORD: This one?

MEMBER SHACK: -- the previous statenent
was that up to about 700 psi was, you know, you didn't
have to worry too nmuch about this, but that | ooks
pretty generous here.

MR CLIFFORD: Well, it's really -- okay,
during the rod design analysis, you cal cul ate what
they call a critical pressure. At normal operating
condi tions when your clad is only at about 700 degrees
Fahrenheit, that's probably the -- 700 to 600 degrees
Fahrenheit i s where your cl addi ng tenperature i s goi ng
to be.

The critical pressureis goingto be 1,000
pounds, roughly, higher than system pressure before
you would creep out, and that's based on materi al
strength, clad thickness, you know, fuel rod design.
There's a |l ot of things that influence how strong that
tubing is.

Here, as soon as you go -- as soon as you

el evate the tenperature of that cladding during a
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transient, all bets are off. Nowyou're really --
it's the creep properties as opposed to the strength
properties that they' re going to cause it to swell and
burst, so, | mean, that's the difference.

kay, so we talked about this first
bullet, which is the interimcriteria for the high
cl addi ng tenperature fail ure mechani sm and next we're
going to proceed to the PCM failure criteria.

MEMBER KRESS: Now does this criteria, does
is it good for the various new clads that are out
t here?

MR. CLIFFORD: This criteria is not as
sensitive to the material properties of the cladding,
because it really is thermal hydraulics, how nuch heat
you get through it before you go into DNB sort of
criteria. That's a good question, and it really
relates nore to PCM, which is much nore refl ected by
t he cl addi ng properties.

kay. PCM. W have this. PCM failure
has been reported at many of the RI A test prograns,
and it's nore limted than the high tenperature
failure nmechani sm when you start to reach corrosion
| evel s, you know, above a coupl e cycl es of burnup, and
it's sensitive to -- it's sensitive to the fuel

t hermal expansion, anything that will influence the
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fuel thermal expansion and the cladding material
properties, and it's driven by a change in fuel
ent hal py as opposed to total fuel enthal py, and we
chose to devel op separate | ines, separate criteria for
BWRs and PWRs, and I'Il get to the reasons why.

Here is the data that was -- nost of which
was presented in RILO401 back a year and a half, two
years ago. W' ve added a coupl e points when we've
received a couple of points, VAL and VA2 from NSR, so
we've added it to the database. | think there was a
coupl e nore, too.

And we drew a line that was simlar to
what research had drawn in the RIL. The difference
between -- | have a slide. Well, let's talk about the
data set first before we tal k about differences.

W initially anchoredthe failurecriteria
to 150 calories per gram Now that's changed. That's
an increase in calories per gram 150, and that's
anchored out to a oxide-to-wall thickness of .04. Now
for a nodern 17-by-17 PWR desi gn, that's approxi mately
25 microns of oxide, and howlong it takes you to get
to 25 m crons of oxi de depends on cool ant tenperature
and t he cl addi ng. Probably cl adding has a first-order
i npact, whether it's, you know, M, ZIRLO, Zrc-4,

whatever it is. |It's going to affect the tine it
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takes you to get to 25 mcrons, and we chose to
normalize to wall thickness to account for the |arge
di screpancy in cladding thicknesses in the database.

CHAI RVAN ARM JO. Why di d you use oxi de-t o-
wal | thickness for PWRs and hydrogen or hydrides for
BWRs? |Isn't the nechanism pretty much the sanme as the
enbrittling nechanisnf

MR. CLI FFORD: The enbrittling mechani smis
excess hydrogen. It is the hydrides that reside in
the cladding, and | can talk about it now. The best
approach is to relate the failure point directly to
hydr ogen.

W didn't have nuch of the data to support
the -- for the PWRs on hydrogen. In other words, when
they collected the data, they would have had to have
done a test to determ ne what the hydrogen | evel s were
and they didn't necessarily to all those tests.

Secondly, the hydrogen pick-up fraction
and the hydrogen behavior on a PWR is pretty well
behaved. There's a |ot of data out there for hydrogen
corrosion rates and corresponding -- |'msorry, oxide
corrosion rates and correspondi ng hydrogen pick-up
fractions. There's a lot of data out there for PWRs
and it's pretty linear. The sanme can't be said for

BWRs.
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CHAI RMVAN  ARM JCO kay, o) you're

confortabl e that oxide thickness, wall thickness  ratio
represents a well behaved hydrogen increase as a
function of burnup.

MR CLIFFORD: | think as we nove forward
and try tofinalizethe criteriawe're certainly going
to investigate that further. There is a large
di screpancy between the alloys. |n other words, alloy
A is going to have a different hydrogen pick-up than
alloy B, and that's going to have to be specifically
accounted for.

| n ot her words, when a |icensee uses this,
is going to inplenment this interimcriteria, they're
going to have to deternine what their corrosion rates
are as a function of burnup for their particular unit,
and then they're going to have to really cross-conpare
that to, well, what's their hydrogen pick-up fraction,
and how does that differ frompotentially the alloys
used in developing this line?

That's all going to have to be taken into
account, but, | nean, if it was up to ne, | would | ove
to find the hydrogen data and re-plot this as a
function of hydrogen.

CHAl RVAN ARM JO That's ultimately what's

the controlling mechani sm
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MR. CLI FFORD: Exactly.

CHAI RMVAN ARM JO  kay.

MR. CLIFFORD: This oxide-to-wall is just
a surrogate for hydrogen.

MEMBER KRESS: What's the rationale for the
red line having sone failures belowit?

MR. CLI FFORD: kay, we drewthis line. At
the beginning here there's a few NSR points here
There's a PBF. There's one PBF test. Well, first of
all, this is a pure enpirically based |ine, and we
didn't feel initially that we needed to bound each and
every point.

MEMBER KRESS: Wy not ?

MR. CLI FFORD: Why not? Well, there was a
| ot of non-prototypical conditions that are in this
test and certain points that are nore questionabl e as
far as their applicability to the current fleet.

MEMBER KRESS: | gather fromthat you can
t ake every one of those points below it and point out
some reason why you can ignore it or discount it?

MR CLIFFORD: | wouldn't say we would
ignore each point. It gets a little dangerous when
you start throwi ng away, when you have such a linmted
dat abase, when you start throwi ng away points, but,

for i nstance, the NSRR, which is the circles, the dark
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circles, those were slightly adjusted foll owi ng what
t he real methodol ogy was, the RIL0401.

However, there's an expectationthat there
is new data becom ng available in the next 12 nonths
where the NSRR is going to be running hot tests.
These are all done at room tenperature, 20 degrees
Cel sius, and tenperature has a nore first-order inpact
on cl addi ng properties and ductility, and so it would
have a first-order inpact on PCM failure, and we
expect that when we see the results of the hot cell
programthat we're going to be able to -- in addition
to putting nore dots on the figure, we're going to be
able to calibrate or recalibrate those dots such that
they' Il be above the line. So know ng that we had
this com ng, we didn't want to be overly conservati ve.

MEMBER KRESS: The CABRI tests, those are
t he ones you said were sodi unt cool ed?

MR CLI FFORD: CABRI is sodi um cool ed, but
they are --

MEMBER KRESS:. That's a reason for nmaybe
di scounting those di anonds?

MR, CLIFFORD: Well, for a pure PCM
failure, the sodium bursts the water. It shouldn't
have that rmrmuch of an inpact. Certainly it had an

enor nous i npact on hi gh tenperature cladding failures
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because of the heat transfer, the tremendous heat
transfer of sodiumversus water, but for a pure PCM
failure it should be |ess.

Now there wi |l be nore data when it cones
out in, oh, two years, three years, because CABRI is
supposed to be converting their loop to a water | oop
such that they'll give us data that's nore typi cal

MEMBER KRESS: |s that red line slanted
above .08?

MR CLI FFORD: .08 was one of the anchor
poi nt s.

MEMBER SHACK: But it has a slope is what
he's sayi ng.

MEMBER KRESS: That seenms a little strange
for enpirical data of this type. | would have had
that a straight line. | can't envision the reason.

MEMBER SHACK: Where do you put the el bow
in what you picked for the slope?

MEMBER KRESS: Yes, those are questions |
woul d have about it, but --

MR. CLIFFORD: | think if | gave a raw pl ot
like this to everybody here, we would end up with --

MEMBER KRESS: You'd end up with different

MR. CLIFFORD: -- 45 different slopes.
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MEMBER KRESS: You certainly would, yes.

CHAI RMVAN ARM JO Now these are all for
cold tests, all of these data are.

MR CLIFFORD: Not all of these data are
for cold tests.

CHAI RMAN ARM JO Al l the NSRR?

MR, CLI FFORD: Correct.

CHAI RMVAN ARM JO Now if you go up to
hi gher t enperat ures, the expected cl addi ng tenperature
in a reactor, the hydrogen goes into solution. At
| east part of it reads off.

MR. CLI FFORD: Part of it, about 100 ppmor
so.

CHAl RMVAN ARM JO And how big an effect
woul d you expect just fromthat?

MR CLIFFORD: Well, the -- | think the
sol ubility of hydrogen at normal operating tenperature
is around 100 ppm and that corresponds to -- in very
clad allow dependent, but for, say Zirc-4 it's
probably about 25 microns. Wat do you guys think
over there? Good guess? Say 25 mcrons, so up to 25
m crons, which is approximately this -- where the 150
before it drops down. You would essentially have no
hydri des. They would all be in a solution.

MEMBER SHACK: So that accounts for the
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flat part of your curves then.

MR. CLI FFORD: Ri ght.

MEMBER SHACK: And after that you're
exceeding the solubility, and so you're --

MR. CLIFFORD: Right. Now we're going to
get into -- when we get to BWRs, we're going to talk
about that very point, because the BWRs, they can be
at cold conditions when they start up.

CHAl RMVAN ARM JO. Right. | understand
t hat .

MR. CLIFFORD: So they have to take that
specifically into account.

CHAI RVAN ARM JO Right. Right.

MR CLIFFORD: And I'Il get to that in the
next slide or the next two slides, but this is the
rei nforced, what we see here in the next slide. Here
is a conmparison of the PCM failures. The dotted
line, the blue dotted line -- excuse ne -- the blue
dotted line is that of RILO401.

MEMBER KRESS: So vyou're telling the
Research peopl e that we don't believe that restrictive
i S necessary?

MR. CLI FFORD: | woul d never say that. No,
the difference between the blue dotted |line and the

red lineis really that took a nose dive right at the
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begi nni ng, because it wanted to bonb sonme cold NSRR
data points that were on BWR Zirc-2 cladding, so the
difference we have here is we renoved all the BWR
Zirc-2 cladding fromthe PWR

MEMBER KRESS: ©h, those are BWR data?

MR. CLI FFORD: Yes.

MEMBER KRESS: That shows on the previous?

MR CLIFFORD: No, no, no, no, no. The
previous slide is all PWR data, but --

MEMBER KRESS: Well, it |ooked to me |ike
they were trying to --

MR. CLIFFORD: |If you would put the -- if
you go back and look at the RIL, there's a bunch of
data points here.

MEMBER KRESS: | see.

MR CLI FFORD: And these are BWR dat a.

CHAI RVAN ARM JO. You can't tal k away from
t he mic.

MR. CLIFFORD: | can't hear nyself inthis.

MEMBER KRESS: Just don't wite on the
screen with the pen.

MR CLIFFORD: It'll burn a hole init.
Right here in the RIL there were several BWR Zirc-2
sanples that were used in determning this |line, and

by renmoving that cluster of BWR Zirc-2 when
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determining the PAR line, it allowed us to nove that
up.

Al so, there were a | ot of testing up above
this area that didn't show any failures. W haven't
seen a |l ot of or any failures when you had essentially
no corrosion and no hydrides. The cladding is very
ductile at that point, and it's able to wthstand
t hat .

So here is the R L0401, and here is ny
projected line. As you can see, they're very simlar

when they get out to this point here. The dotted line

is sonething that EPRI will be discussing |ater on,
and this, whereas these two |lines are purely
enpirically based -- in other words, you |look at the

enpirical data. Maybe you performa little scaling,
what ever you feel confortable with, but you go with an
enpirical limt.

The dotted line represents a mechanistic
approach. Separate effects testing is used to a
mechani stic nodel, which is then used to determ ne the
point of failure, and they'll be presenting |ater on
that they believe that the points that | used to bring
this down here, the points right -- this famly of
poi nts here, they believe they can be either further

adj usted, or they can be dispositioned sonehow, so
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t hey don't need to include them and they' ve got valid
-- they' ve got sone valid points, whichyou'll liketo
hear, but we end up simlar out here.

So the purpose of this slide is to show
that we do deviate from what Research presented us
with, but there's a reason for that, and even though
we're using what we feel a pretty conservative
approach, we don't differ that significantly fromwhat
the Industry is proposing, and for an interim
criteria, you always want to err on the conservative
si de.

MEMBER SHACK: Good writeup, because this
is in t wo col ors whi ch are absol utely
i ndi stinguishable in nmy screen.

MR. CLIFFORD: What this slide represents
is the application of a corrosion-based criteria in
the field. |In other words, to give a |icensee or a
fuel designer corrosion-based criteria isn't really
useful, so they're going to have to convert that
corrosion-based criteria to a burnup-dependent
criteria, and they'll do that by eval uati ng hydrogen
pi ck- up percentage and t heir corrosi on behavior, their
cl addi ng at their operating tenperatures, and they'l|
come up with a different curve.

Here is two different curves. This would
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be -- this would be a nodern alloy like optimzed
ZIRLO or M here where you have good corrosion
properties such that you're really not getting a | ot
of oxide, and you're really not picking up a lot of
hydrogen, so you're not really paying the penalty of
it, whereas this would be nore of a current Zirc-4.

CHAl RMVAN ARM JO Now with your interim
criteria, do they get credit for use of the nodern
mat eri al that doesn't pick up rmuch hydrogen?

MR. CLI FFORD: Absol utely. Absolutely they
woul d be able to take that.

MR. CARUSO |s that staff goingtorequire
licensees to monitor oxidation film thicknesses in
order to verify that the fuel is performng as
nodel ed?

MR. CLIFFORD: That's a good question. W
general |y al ready have approved corrosi on nodel s built
into the fuel performance analysis where they've
presented a lot of pool-side exam nations where
they' ve done corrosion neasurenents, and then in
conmbi nation with out-of-cell hydrogen measurenents,
there's enough data presented. Do | expect to see a
change over tinme? There should be enough information,
but because there's so nuch operating experience with

like a Zirc-4 --
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MR. CARUSO There's al so sone operating
experience with surprises that have occurred because
people didn't control their chem stry.

MR. CLI FFORD: Well, certainly crud and t he
effect of crud on corrosion is a wld card.

MR CARUSO So is the staff going to
require people to nonitor their corrosion every
refueling outage to verify that the fuel is oxidizing
as the nodel is expected to oxidize, or are you just
going to be faith-based and --

MR. CLIFFORD: It's a good question.

CHAIRVAN ARMJO It would be pretty
inmpractical, | mean, to try and do it to that |evel.
You' ve got to have sone | evel of confidence that the
dat abase and the materials are well controll ed.

MR. CARUSO Sone countries do that.

MR. CLIFFORD: Well, | think a problem a
visit woul d probably be sufficient toidentify whether
you had a crud problem

CHAl RMVAN ARM JO. O if oxide's falling or
somet hi ng bad goi ng on

MR. CLIFFORD: Right, but to go in there
and take any current testing or any other means each
cycle, that would be -- that would add tine to the

rel oads, and we woul d get a | ot of resistance on that.
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This I'msure they would agree with.

CHAI RMVAN ARM JO  Ckay. Well, this
encour ages the devel opment and application of nopdern
materials that address the hydrogen enbrittlenment
i ssue.

MR. CLI FFORD: Absol utely.

CHAl RMVAN ARM JO And they would get --
they' d have a benefit if they applied that using these
criteria.

MR. CLIFFORD: Right. The Industry, when
the Industry first cane in, they proposed criteria
where they did the conversion thensel ves usi ng wor st
case Zirc-4, and | thought that was too nmuch of a hit,
you know, to not be able to take advantage of a nodern
cl addi ng al | oy.

Ckay, next we conme to BWR and as |
nmenti oned, we separated the BWR Zirc-2 NSR data from
the rest of the population, and we | ooked at it as a
subset, and here it's plotted with reported hydrogen
content, whichis the first-order effect on ductility,
cladding ductility, and there's sonme uncertainty in
hydrogen neasurenents and variability of hydrogen
content in a given specinen, and that's represented by
these little dunmbbells or whatever you want to call

t hem
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And so once again we rmaintained 150
calories per gram which is -- we chose 150, even
t hough we didn't see a lot of failures above that,
even that, because that corresponds to the 170 that
we' re proposing for the high tenperature. |If you take
the 170 hi gh cl addi ng tenperature failure |Iine, adjust
it for the fact that at hot zero power you coul d be at
20 calories per gram you're at 150, so you can't --
even though you could have drawn this |ine,
potentially drawing it higher, it doesn't buy you
anyt hi ng, because you're going to be limted by the
other failure nechanism so there's no sense even
drawing it differently.

CHAl RVAN ARM JO  What's the approximte
burnup for a nodern Zirc-2 at the 150, you know, at
t he knee of that curve, the 150 ppm hydrogen?

MR. CLI FFORD: That's a good question, and
the reason -- well, we wanted to go to hydrogen
content, because it is a first-order inpact.

CHAl RVAN ARM JO.  Sure.

MR. CLIFFORD: But the need to go to
hydrogen for BWRs was that it is a shotgun when you
| ook at hydrogen content as a function of burnup and
hydrogen content even as a function of corrosion.

There is a wide variability, so, you know, when
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developing the criteria, wereally felt |i ke we needed
to goright to the source, which was hydrogen, and 150
ppm | nean, | would guess that that would be
relatively high burnup. | would guess that that would
be 40, 000, 50,000 burnup. Guys, you got any input on
t hat ?

CHAI RVAN ARM JQO Wth t hat much
variability, what will the BWR people have to bring
you to satisfy you that they know what their hydrogen
is as a function of burnup for a particular fuel
desi gn?

MR. CLIFFORD: Because it's less well
behaved, they're going to have to provide us with a
suf ficient database of hydrogen content as a function
of burnup and then for themto then do that conversion
to a useful tool, and depending on the spread of the
data, | nmean, you may be forced -- instead of using a
best estinate, you may have to take |like a one sigma
or sonething. It just depends on the variability.

CHAI RVAN ARM JCG Thank you.

MR. CLIFFORD: (Ckay, so the light one we
tal ked about earlier. Here we have the two PCM
failure criterias. One is a function of function of
oxi de-to-wall thickness. One is a function of

hydrogen, and those were put into the SRP update.
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Now next we get to -- well, now we have

new criteria, which are nore restrictive for

determ ni ng when cl adding fails. Wll, we also | ooked
at what about the fission product inventory. In other
wor ds, how nmuch iodine is there in the -- or xenon is

there in the gap, or how much iodine is there
avai lable for release if you do fail the fuel?

The current criteria is 10 CFR Part 100,
and the guidance for that is in Reg GQuide 77, which
identifies the off-site doses nust be within -- nust
be well wthin.

MEMBER SHACK: |s that a factor of three?

MR CLI FFORD: Ch, well within. | don't
know who created this, but there's some secret decoder
ring out there. Small fraction is equivalent to ten
percent of the allowable doses. WlIl withinis
equi valent to 25 percent of the allowabl e doses, so
300 remwould go down -- which is the 100 percent of
10 CFR for, what's that, inhalation, two-hour
i nhal ation thyroid dose? Go from 300 down to 75.

The gui dance on calculating doses is in
Appendix B of RG 1.77, and it's also in newer Reg
Quides. It's in Reg Guide 1.183 and Reg CGuide 1.195,
and they all say roughly the same thing, that you

shoul d assune t hat ten percent of your iodines and ten
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percent of your nobles are present in your plenum
regi on of your fuel rod such that if you have a breach
in your cladding, that inventory is available for

rel ease and nust be accounted for specifically in dose
cal cul ati ons.

The problem with that guidance is that
there's been a |ot of fission gas neasurenents
foll owi ng these test prograns. They woul d take a test
that didn't fail, and they would go and do a puncture
test and nmeasure the isotopic popul ation that was
rel eased, and what they noted is there's a lot of
fission gas there, and --

CHAIRVAN ARM JO Mre than these ten
percents?

MR. CLI FFORD: Ri ght.

CHAl RVAN ARM JO  On, okay.

MR. CLIFFORD: So you need to take that
into account, and what we have here, we first have to
| ook into the mechani sns. What's going on inside the
fuel roon? Even though the cladding doesn't fail,
what's going on in there?

What ' s happening is over normal, routine
operation, you get a diffusion of fission gas, fission
products along the grain boundaries, out into the

pl enum and that is really a function of diffusion and
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time and power and power history if you go through
some various power r anpi ng, what ever you're
maneuvering, noving control blades, whatever you're
doi ng that can cause that diffusion to change.

But during this particular transient,
during this .05 seconds, what you can see is the
pellet itself is going through a very dramatic
transient. It's cracking. |It's breaking. There is
grain boundary separation, and during that violent
transient, the pellet is releasing nore fission gas.

|"mgoing to call that transient fission
gas rel ease, and this transient fission gas release is
strongly dependi ng on how nuch power that pellet sees.
It's strongly dependent on |ocal power, and there's
also -- there would be potentially sonme burnup
ef fects, how nuch fission gas is available, and we've
| ooked at -- let nme just junp right to the --

W' ve | ooked at all of this data, and we
| ooked at it as a function of pulse width. W | ooked
at it as a function of burnup. W looked at it as a
function of anything we could think of, and this was
the best correlation we could cone up wth.

There is -- all of this data represents
nmeasured fission gas release, and if you plot it as a

function of the change in enthal py that the specinen
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saw, you see a pretty good correlation. In other
words, if you put 100 cal ories per gram change on a
fuel pellet, it's going to rel ease sonewhere around 15
percent of its fission gas in addition to what may
have resided i n the pl enumregi on before the transi ent
even started, so both of these factors need to be
conmbi ned to get your overall source termfor your dose
cal cul ati on.

| think these points here -- if nenory
serves nme correctly, | believe that these points here
were high enrichnent, and by high | mean above five
percent, and these were research reactor fuel rods
from Japan.

CHAI RMVAN ARM JO. So those weren't really
BWR?

MR. BEYER No, they were comerci al
reactor, but they m ght have been around five percent.
| can't recall the exact enrichnent |evel, but they
m ght have been around five, but one thing you can say
about themis that they were of a different fuel type
than a | ot of the points up there except for there's
a couple of points that are below the line that had
that same fuel type, so we're a little bit --

CHAIRVMAN ARMJO  There's a lot of

variability there.
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MR. BEYER Yes, right, and those three

data points all cane fromone rod. Those cane from
smal | sections cut fromthe sane rod, and for sone
reason they behaved significantly different than all
the rest of the data. W've got like, | don't know,
33 data points up there, and --

CHAI RVAN ARM JO Were t hese prefabricated
test panel s?

MR. BEYER: Yes, they were prefabricated,
right.

CHAI RMVAN ARM JO Yes, so a | ot depends on
how - -

MR. BEYER Yes, theoretically you could
t hi nk about cracking due to refabrication of the fuel,
but a lot of these data points up there are
prefabricated, too, so, you know, you coul d argue t hat
that may not explain it, either, and it's kind of --
Robbi e, do you have any opinion on those three data
poi nts, because | know Industry has | ooked at this,
t 0o.

MR. MONTGOMVERY: Robert Montgonmery from
Anat ech. No, those three rods, which, |ike you said,
cone fromthis come fromthe same father rod, do kind
of seemto be outliers in a way. They show a uni que

behavior relative to all the data.
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They were fabricated with a different
pel l et fabrication process than nost of the other data
out there on that plot. It had to do with the type of
grain structure and things in that nature that could
affect the distribution of the fission gas in the
pellet. These had an interesting remsize variation,
so there nmay have been a different fission gas
inventory in the rem which sees the | argest anmount of
tenperature and the largest cracking in the pellet.

CHAl RMVAN ARM JO. kay, Sso you' ve just
tended to di scount those data points and say the |ine
represents the envel ope or bounding --

MR. CLIFFORD: Well, | think, even if you
were to include those, you still want to fit the data,
and | think you would end up with pretty nuch the samne
l'ine.

MEMBER KRESS: This is just the transient
release in addition to the gap?

MR. CLI FFORD: Exactly.

MEMBER KRESS: These tests had the gap
i nventory renoved before you --

MR. CLI FFORD: Well, for many of the tests,
| nmean, when you nmanufacture the specinmen, you know,
when you're cutting, you're renoving the fission,

what ever was there during the whole operation, so
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anything you neasure would be a product of the
transi ent, unless you had a segnented rod that was in
a reactor, which -- any of these actual segnented rods
that were radi ated as speci nen?

MR. BEYER | can't renenber if any of them
are segnmented or not, but if they were segnented
typically they wusually had relatively snmall gas
rel ease.

MEMBER KRESS: Wre the clads purposely
failed in these tests?

MR CLIFFORD: No, none of these are
fail ed.

MR. BEYER: No, all these were -- yeah.

MEMBER KRESS: Well, then how did you get
any release if they didn't fail?

MR CLIFFORD: Well, | think what we're
showing is just the pulse, the power pulse on the
pellet itself. Wether that was enough to cause
cladding failure or not, it still resulted in -- it
was insufficient.

MEMBER SHACK: It's measuring the plenum

MR. CLI FFORD: Yes.

MEMBER KRESS: Measuring the plenum

MR. CLIFFORD: Ch, I'msorry, yes.

MEMBER SHACK: They didn't release it.
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MEMBER KRESS:. Ckay, now | understand. So

essentially you renove the original gap i nventory, and
t hen you nmeasure what gets in the plenumdue to a --

MR CLIFFORD: That's correct.

MEMBER SHACK: This pul se.

MR. CLI FFORD: Ri ght, so t he gui dance we're
providing is essentially that you would need to
conmbine the two effects, the steady state inventory
t hat woul d be there during the normal operation and a
calculated transient fission gas release, which we
provi ded this correlation.

MEMBER KRESS: And this is not a function
of burnup, or the burnup shows up in the database?

MR CLIFFORD: We | ooked at it as a
function. | would have expected a much stronger
bur nup dependence only because you have nore fission
gas that's in your grain boundaries to start with, so
it wouldn't take as nmuch of a pulse to --

MEMBER KRESS: And you've got the -- and
you' ve probably got nore damaged fuel, nore surfaces,
nore rem effects.

MR. CLIFFORD: Right, exactly, but it
didn't fit as well as just |ooking at power.

MEMBER SHACK: And you real ly tried | ooki ng

at both of thenf? You know, you seemto have this
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tendency to look at one variable at a tine, but, |
nmean, if you | ooked at the two of them it didn't --
you know, burnup and enthal py rat her than, you know,
well, enthalpy is better then burnup but --

MR BEYER Well, what we --

MR CLIFFORD: W tried |looking at this,
but then breaking it up to coloring and, |ike, between
zero and 30 burnup, 30 and 40 burnup, 40 and 50 bur nup
and then --

MR. BEYER: Yes, what we did is we'd apply
this correlation here just for the power effect and
then plot it as burnup then and see if we could see,
and in sone instances a few tests | ooked |ike they
wer e a burnup dependence, and others didn't | ook |ike
t here was any burnup dependent, so there was a | ot of
scatter in the burnup effect.

MR CLIFFORD: In the technical basis
docurent for the SRP updates there's a log there if
you guys want to cone take a | ook at this.

MEMBER SHACK: Is this the one that gets
buried in the pdf file?

MR CLIFFORD: Here, this shows -- thisis
for --

MEMBER SHACK: Yes, and that's a different

one.
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MR. CLIFFORD: Maybe | don't have it in

here. | have a spreadsheet with tons and tons of
plots. This is fission gas for these versus pul se
wi dth, the fission gas for these versus burnup.

MEMBER SHACK: Yes, but see, you need to do
what Carl suggested, which was to, you know, that way
you're hiding the enthal py in that plot.

MR. CLI FFORD: Ri ght.

MEMBER SHACK: What you need is to do the
ent hal py and then plot it against the --

CHAI RVAN ARM JO.  Color code them or
sormet hing for the burnups.

MEMBER SHACK: -- and see how they bounce
up and down.

MR. BEYER We've done that, too.

MR CLI FFORD: W' ve done that. W' ve done
that, and then we decided there wasn't as nmuch of a
printer. During the break -- I"'msure | have the
spreadsheet on ny disk. | could get that and check
foll owi ng the break.

Ckay, so ultimately we're saying that
there is another effect on fission gas release that's
not currently accounted for and needs to be.

CHAI RVAN ARM JO How do you know that if

you tested, let's say, segnmented rods, already had
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sonme fission gas release, already have poisoned the
gap and if -- well, how do you know t hat that woul dn't
actually make your transient fission gas release
during an RI A even worse?

MR. BEYER Because it's not a thernal
effect.

CHAI RVAN ARM JO You're just saying this
is just a shattering of the pellet? It's not a
t enper at ure change?

MR CLIFFORD: It's not diffusion-related.
It's not tine and tenperature. It's instantaneous.

CHAI RVAN ARM JO Two separ at e nechani sns?

MR. CLI FFORD: Ri ght.

CHAI RMVAN ARM JO  kay.

MEMBER KRESS: It | ooks |ike a substanti al
effect. You get up to 30 percent of the inventory.
You really, | nean, yes --

CHAl RMAN ARMJO If you take a sledge
hammer and smash into it, it's going to cone out.

MEMBER KRESS: But the containnent's still
i ntact.

MR. CLI FFORD: Absol utely.

MEMBER KRESS: So you conpar e t hese nunbers
and see how far 100 to --

VR. CLI FFORD: Dose is usually not
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limting. Ofsite dose is usually not limting to the
this event.

MEMBER KRESS: Yes, | would guess not
because normal |y 10 CFR 100 asks for inventories much
bi gger than this to be put into containnment.

MR. CLIFFORD: Well, you could consider,
even though your acceptance criteria is one-fourth
t hat of LOCA, the LOCA source here you dunp the entire
core, assuming that the whole -- you have 100 percent
of your nobl es and 50 percent of your iodides all just
dunped into contai nment.

MEMBER  KRESS: Yes, that's in the
cont ai nnent .

MR. CLIFFORD: And you survive that.

MEMBER KRESS: Yes.

MR. CLI FFORD: Even though your release
path is a little different, and your acceptance
criteria is lower, the inventory is significantly
| ower than that of a LOCA, and also, it's a |localized
event. The troja injection is a very localized event.
You're only going to have so many pins in that region
of the core that's going to get out.

MEMBER KRESS: Onh, yes, this -- you have to
count the nunber of pins.

MR. CLIFFORD: You' ve got to count the
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nunber of pins. This isn't core-wide. This is the
nunber -- this is the fission gas in a particular pin,
so if you only take six --

MEMBER KRESS: Yes, that can nmke a big
di f ference.

MR CLIFFORD: If you only fail 1,000 pins
out of 50,000 pins, you can see that the source term
still isn't --

MEMBER KRESS: Yes, it's not really. Yes,
|'ve got you.

MR. CLIFFORD: Ckay. That concl udes the
first half of the presentation on calculating the
nunber of pins that fail and what's the source term
for your dose calculation. Next we're going to get
into the long-term cooling, which is GDC28, and the
reactive vessel integrity concerns.

CHAI RVAN ARM JC. You' ve got about ten
slides, and we could -- we're ahead of schedule. W
could take a break now. It's ten mnutes of 10:00, so
| et's get back about five after 10: 00, you know, a 15-
m nut e break, 10:05.

MEMBER KRESS: Which clock are you going
by?

CHAI RVAN ARM JO The official wall cl ock.

| have their -- well, you're right.
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MEMBER KRESS: Ten after.

CHAI RMVAN ARM JO Ten after 10:00. We'll
recess for now.

(Wher eupon, the foregoing matter went off the
record at 9:52 a.m and resunmed at 10:11 a.m)

CHAl RMVAN ARM JO Ckay. W are resumng
the neeting, and if we can find M. Cifford -- okay.
Al right. W're ready to resune.

MR. CLIFFORD: Right. What | pulled up
here during the break was this is just a plot of the
same data, and, as we were tal ki ng about, we wanted to
see if there was a burnup dependence. Here we have
the CABRI test data. Fission gas release is a
function of peak fuel enthal py, and then we have t hree
different groupings, and it's simlar down here with
t he NSRR how we have two di fferent groupi ngs because
nost of the fuel is likely it's going to burn up

And we | ooked at this and decided, well,
you know, is it potentially two Iines? Could there be
a line here and a Iine here based on burnup? And we
really didn't see it, so what we chose to do was to
group themall together and to kind of not bound al
the data but from the previous slide -- let me get
back. That's not it.

In the previous slide, we didn't bound al |
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the data, but we put it all into one popul ation, and
then we put a line about a mapjority of the data, 1'd
say. It's not a best estimate fit. | wouldn't call

it a one sigma, either.

MEMBER KRESS: You know, that all bringsto
m nd the question. You know, the obvious choices are
either a best estimate fit or a bound, and anything
that's different fromthose needs expl ai ni ng, at | east
it does in nmy mnd, and so | don't understand. |
don't understand the line. | understand that a line
is a good thing to have there, but why not a binding
line or --

MR BEYER Well, what we did here is
originally we did have a best estimate line for UO,,
and then we had one for MOX. The MOX one was a little
bit hi gher than the UQ, one, and for the RIA, NRR j ust
deci ded to take the upper bound for MOX and use that
one.

MEMBER KRESS: The line is an upper bound
for MOX?

MR BEYER No, it's a best estimate for
MOX. It's a best estimate for MOX

MEMBER KRESS: It's a best estimate for
MOX.

MR CLIFFORD: It's a best estinmate for
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MOX, but it's not that significantly different than
the best estimate fit for the UQ.

MR BEYER For the UQ, right.

MR. CLIFFORD: So you just conbine all fo
the data into one population and just choose which
lineis alittle nore conservati ve.

CHAI RMAN ARM JO. This is -- when you say
best estinmate, is this just a |l east squares fit?

MR CLIFFORD: That's all it was.

MR. BEYER Correct. Correct. Right.
Right, and it was a best estimate fit through the MOX
data, and the UQ, one was a little bit |ower, but not
significantly | ower.

MR CLIFFORD: | think it's the -- can you
see? The pink, | believe, is the MOX, that data
poi nt, that data point.

MR. BEYER Correct.

MR CLIFFORD: It's those two.

MR. BEYER Yes, that's it, just two data
poi nt s.

MR. CLI FFORD: Those are the data points.

CHAI RMVAN ARM JO  kay.

MEMBER KRESS: Two data points --

MR. BEYER: Yes. Right.

MEMBER KRESS: -- out of --
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MR. CLIFFORD: Let's make a line.

MEMBER KRESS: Connect the two.

MR. BEYER: Right. Right.

CHAl RMVAN ARM JO You ought to -- you
shoul d have gone t hrough zero and t hose three points.

MR. BEYER Yes, but the UO , one was
slightly below that for best estimate, and, yes, and
surprisingly they were both parallel together,
reasonably parallel. The UQ best obviously has a | ot
nore data and, you know.

MR. CLIFFORD: But | would say since we
added that Jlast grouping of data as it becane
avai |l abl e, there used to be a difference between the
UQ, best fit and the MOX best fit, but that al nost
di sappeared when we added this grouping up here.

MR BEYER Correct. Correct, yes.

MR CLIFFORD: Over the next 18 nonths
we're going to try to obtain further data and fine
tune this correlation

MEMBER KRESS: | think you need a rationale
for why best estimate is appropriate for this kind of
regul ation as opposed to bounding, and, you know,
normal |y conservative peopl e use boundi ng appr oaches.

MR. BEYER. Well, you could add another

four percent or so to this line, and it would be
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essential ly boundi ng.

MEMBER KRESS: Yes, it's not that it would
make enough of a difference to make nme worry about it.
In fact, the whole release anount is not enough to
make nme worry too nuch about it, but, you know --

MR. BEYER But technically for a good
argurent, huh?

MEMBER KRESS: -- you need a technica
rationale to it.

MEMBER SHACK: Except there is no such
t hi ng as bounding. You can only bound the data, but

MEMBER KRESS: | know, so no matter what
you do, you'll probably have sonme confidence | evel in
it.

MR. CLIFFORD: Ckay. The second of the
presentation we'll be dealing with coolability and
reactor vessel integrity, which, once again, is the
requi renents to neet GDC28.

The phenonmena at play during this
particul ar category of accidents is such that you need
to worry about a pressure pul se bei ng generated by t he
interaction between the fuel, either nolten or near
nolten fear fragments as they're expelled into the

react or cool ant.
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Essentially, thereis fl owbl ockage due to
fission product-induced swelling of the fuel coupled
with cladding plastic deformation, fuel pellet and
cl adding fragnmentation and dispersal, and fuel rod
bal | ooni ng. These are the four phenonena that could
effect either long-term cooling or reactor vessel
integrity.

Here is a -- | wote dowmn what GDC 28
states. Basically it says that you cannot exceed
limted local vyielding on your active pressure
boundary, and you nust maintain core cooling
capability, and that regulationis dissemnm nated within
Reg Guide 1.77, which defines the acceptance criteria
to neet GDC28, which states that the radial average
fuel at the beam nust be | ess than 280 cal ories per
gram and that the nmaxi num reactor pressure boundary
pressure cannot exceed Service Level C, which is
approxi mately 120 percent of design.

Now what's wong wth the current
criteria? As early as 1980, an eval uation was done by
a gentl eman nanmed MacDonald and friends, who did an
eval uati on of the SPERT, TREAT and then recent PBF
test results, and he concluded that if you were to
subject a fuel rod to the 280 calorie per gramlimt

that there was a good probability that you woul d | ose
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your fuel rod geonetry and inpair |ong-term cooling
capabilities, and had the NRC expressed the criteria
in fuel enthal py versus total deposited energy, the
nore appropriate limt would have been 230 cal ories
per gram In addition, fuel fragnentation and

di spersal is not addressed, and fuel rod ballooningis
not addressed.

So what this slide states is that the 280
calories per gramis wong. MacDonald, back in 1980,
determ ned that 230 was a nore appropriate limt and
that there's other aspects of |ong-term cooling that
also need to be addressed that aren't part of the
current gui dance.

The enpirical database for |oss of rod
geonetry and nolten fuel coolant interaction is based
upon SPERT and PBF test progranms. The nore recent
tests that were conducted in Europe and in Russia
didn't necessarily target a deposited energy which
woul d result in nolten fuel

They were targeting, determ ningthe point
of clad failure, not the point of fuel nelt. And fue
fragnentation and dispersal has been reported at
several of these test prograns. In addition, pressure
pul ses have been neasured at several of these test

progr ans.
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The staff has developed four interim
criteria. We'Ill first discuss the first two, which is
the first one is that radial average fuel enthalpy
nmust renmain bel ow 230 cal ories per gram and this is
based on the 1980 finding by MacDonal d, which is an
eval uati on of SPERT, TREAT, and PBF. And the second
criteria is that fuel tenperatures nust remai n bel ow
incipient nelt conditions, and the next slide shows
you graphically what this neans.

The upper line here, the black, is the
current criteria, 280 calories per gram The bl ue
lineis what MacDonal d proposed based on an eval uati on
of the enpirical data at the time. That's 230
calories per gram and the green | have two
cal cul ations of fuel nelt tenperatures. One's at a 20
mllisecond pulse width. One's at a 10 mllisecond
pul se w dt h.

What you shoul d take away fromthis slide
is MacDonal d observed that you could |ose cool able
geonetry potentially below nelting conditions, and
also nelting -- the enthalpy required to achieve
nelting tenperatures reduces significantly wth
burnup, and that's due to a decrease in conductivity,
fuel conductivity with burnup. That's due to a highly

edged pellet power distribution during the transient
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intherimregion, and that's also due to a very high
burnup distribution in the rimregion, which reduces
your melting point.

So the criteria fromone and two conbi ned
would be the lower of these lines, and it would be
expected that this |ine here, these green |ines, would
be dependent on fuel design. So instead of trying to
come up with a single line, we would allow the
| ndustry to cal cul ate using their specific fuel design
what their enthalpy is to achieve nelt tenperatures,
and that would be determined and submtted and
revi ewed.

CHAI RVAN ARM JO Nowt he cool abl e geonetry
inthe |l ow burnup range, is that ballooning? |I|s that
the issue there, yes, right in that region, the
MacDonal d?

MR CLIFFORD: This line here?

CHAl RVAN ARM JO.  Yes.

MR. CLI FFORD: MacDonal d concl uded t hat you
could, as you approach nelting conditions, you can
have all of the fission product swelling, which can
result in cladding. He called it a |loss of rod
geonetry. Essentially your cladding started to nelt
and flow plastically into the channels, so you had a

situation where you didn't have a rod type geonetry,
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so you couldn't guarantee cooling, in other words, if
this was to happen in a large region of the core.

CHAI RMVAN ARM JO. kay, so it's literally
clad nelting is the phenonenon that he's concerned
about .

MR. CLIFFORD: Right. Wen it's bel ow,
yes. If it's at fuel nelting, of course, when you get
fuel nmelting you get a volunetric expansion. You get
t he fuel -cool ant interaction and then an expansi on of
the nmolten fuel into the channel, but --

MEMBER KRESS: Thi s presunes a fixed val ue
for the nelting tenperature of UQ?

MR CLIFFORD: No. This would be
calculated assuming -- this is a localized
calculation. In other words, at a higher burnup, the
| ocal burnup in the rimregion would be significantly
hi gher, maybe a factor of two or three higher than the
aver age pell et burnup.

So say you're at 50,000 pellet average
burnup. You could be at 100, 000 burnup, |ocal burnup
in your rimregion, so you would have to include the
decrease in burnup tenperature with burnup at that
| ocal area, and then you would al so have to take into
account the trenmendous edge power shape during the

transi ent .
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MEMBER KRESS: O course, that's how you
calculate it. M question was do you assunme UO, has
one nelting tenperature?

MR. CLIFFORD: No. It's burnup-dependent.
It's also dependent on other additives, but it's
bur nup- dependent, 5080 m nus, what is it, 60 per every
ten negawatts, sonething like that?

MEMBER KRESS: It this because you're
buil ding in nore plutoniumand nore fission products,
and it changes the character of the UQ?

MR. CLI FFORD: Absolutely. That has to be
taken into account. That's the first two criteria,
and those criteria are nore -- what's the word |'m
| ooking for? Those two criteria' s nunerical val ue,
it's very specific what it is. You calcul ate what
your fuel enthal py is for your particular fuel design
to reach nelting tenperatures, and you have your two
280, I'msorry, your 230 ceiling.

The next two criteria are really to
account for the effect of fuel coolant interaction.
Now we' ve al ready said there can't be nolten fuel in
item 2, but there's still a potential to disburse
finely fragmented fuel particles that are approaching
nel ting tenperatures, and the energy deposition or the

nmechani cal energy conversion of that dispersal needs
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to be accounted for in your pressure cal culation. You
still can't exceed -- you don't want to bl ow apart
your reactor vessel. You have limts on pressure, and
you have to specifically account for the pressure
pul se generated by the dispersal of non-nolten fuel,
and --

MEMBER KRESS: That neans you have to know
how much fuel gets dispersed and what the heat
transfer mechanismis and what the particle sizes are
and things like that?

MR. CLIFFORD: Yes. |'Ill get to that in
the next slide. This area of the criteriais alittle
nore difficult to respond to, and the database for
fuel mechanical interaction is somewhat limted, and
we believe it needs to be accounted for, and the staff
is basically drawi ng a map, saying "Here are the type
of phenonena that have to be addressed, and we're
awai ting the Industry's response.”

The fourth criteria is addressing the
ef fects of fuel pellet fragnentati on and di spersal and
bal | ooning. This would be nore flow bl ockage i ssues
wi th nunmber 4. The enpirical database is very -- is
l[imted with respect to fuel dispersal and nechani cal
energy generated as a result of fuel dispersal.

Techni cal chal l enges, which will need to
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be overcone i n di spositioning this regulatory position
would be that the flow channel blockage by the
fragnented fuel and cladding particles would need to
be quantified, and its effect on |ong-term cooling
woul d need to be qualified.

The sane goes with fuel rod ball ooning.
The fuel coolant interaction, nechanical energy from
t he di spersal of the fuel would need to be eval uat ed,
and once agai n the pressure pul se, potential pressure
pul se that's generated would need to be qualifi ed.

And finally, the transportation of
fragnented fuel particles throughout the reactor
cool ant system needs to be assessed with respect to
t he radi ol ogi cal source term doses to the public and
wor kers, plant EQ coolability, and potentially even
criticality.

CHAI RVAN ARM JO. Now i f this occurs during
-- presune that these events occur while there's ful
reactor flow or partial reactor flow Is that the
scenario we're addressing, or is that one of just
many?

MR. CLI FFORD: If you | ook at the TSARS f or
the current operating fl eet, whereas every ot her event
is analyzed for 30 mnutes or longer, there's a

general requirenment that the, say, a turbine trip,
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they would run the event for 30 minutes. They would

t hen showthat the reactor trip functions and t he SFAS
systens were capabl e of nmitigating the consequences of
bringing the transient to either a new plateau or a
decrease. |In other words, tenperatures were
decreasing. Pressures were decreasing. The event was
getting nore benign with tine.

Thi s particul ar event is only anal yzed for
five or ten seconds in all of the SRs. You don't have
that |ong-term plant response in the past where we
haven't requested it. |It's really -- in the past
we' ve al ways focused on the first five or ten seconds.

How nmuch fuel to you fail? Do you nelt
fuel? And are you going to bl ow your reactor vessel

inthe first fives seconds? W never | ook at anything

past that.

CHAI RVAN ARM JO. But cool abl e geonetry, |
woul d think, would take -- is nore than a five-second
pr obl em

MR. CLI FFORD: Ri ght. Cool abl e geonetry we
kind of get into the situations where we are LOCA.
You know, how do you eval uate, you know, what's goi ng
on over a period of time? You have a requirenent to
maintain a core coolability, but how do you

denonstrate that if you' ve got particul ates of fuel
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and cladding that's floating around in your RCS? It's
a difficult question to answer.

CHAI RVAN ARM JO. Wl |, | hope the I ndustry
has sone i deas on howto address t hese things, because
this is what you intend to evaluate in the
submi ssi ons.

MR, CLI FFORD: Correct.

CHAI RVAN ARM JO. You want to see --

MR CLIFFORD: W would like to see these

CHAl RMAN ARM JO - - document s t hat addr ess

t hat .

MR CLI FFORD: -- addressed and
di spositioned sonehow. | mnean, they may be able to --
for instance, like a PAR rod ejection is a break in

t he upper head, so you may be abl e to disposition that
by saying the long-term transient, you know, after
five seconds, | going to be very simlar to a LOCA,
because you have a break | the reactor vessel.

It's depressurizing. You know, you have
your ECCS system responding to the event as though
it's a snmall break LOCa, so nmybe one of the
approaches woul d be to denonstrate that it is bounded
by a LOCA anal ysis so you don't have to go into any

further detail, but, you know, it depends on, you

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

79

know, what's presented to us. | guess we're just
i dentifying what needs to be dispositioned and then
allow themthe flexibility of dispositioning it.

CHAI RMAN ARM JO  kay.

MR. CLIFFORD: Ckay, the last slide is
i npl enentation, and we tal ked about this at the very
beginning. The interimcriteria was devel oped to
support the licensing of the new reactors, the next
generation of reactors and will be used by the staff
intheir reviewof all the COL applications and desi gn
certification docunents.

Over the next 18 nonths or so, we will be
doing nore rigorous evaluation and awaiting further
data fromthe Japanese test programand, if necessary,
revising the particulars of the acceptance criteria
and gui dance.

Li ke maybe the curves wi Il change slightly
if we get nore data points, and maybe we' || adj ust the
fission gas inventory as a function of pellet power,
and then we intend to finalize the criteria and revi se
the inpacted Regulatory Cuides and probably again
revise the SRP to replace the interimcriteria with
final criteria.

During this period, we'll al so be issuing

-- | shouldn't say during this period. In the next
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two nonths, we intend to issue a RIS, which is a
Regul at ory I nformati on Summary, which is a vehicle for
NRR t o communicate to the public and to the Industry
as to howwe intend to i nplenent this, because | know
there's a |l ot of concern.

There's a | ot of confusion. Wo's going
toinplement it? Wen are they going to inplenent it?
You know, what's it going to look like? So we're
goingtotry to address all that ina RIS. That's our
pl an right now and get that out on the street within
about two nonths.

And during this period -- as | nentioned,
there were two reasons why we were doing this in the
begi nning. The first reason was to devel op
justifiably conservative acceptance criteria and
gui dance for the next generation of reactors, and the
second reason was to provide a target for the I ndustry
to use in developing a strategy for inplenenting the
final criteria, and we strongly encourage that the
I i censees and vendors devel op and submit new 3D core
neutroni cs nethods and al so devel op a strategy for
di spositioning the long-termeffects on coolability.

That's what | have.

CHAI RVAN ARM JO. Ckay. Any questions from

the Commttee? Tonf
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MR. MENDI OLA: |If | may, that concl udes the

staff's presentation on this topic for today. | hope
it was informative, and | qguess if there's any
suggestions on the material, how we could provide it
for the full Comrittee nmeeting later this week, it
woul d be hel pful to understand where we could focus
our presentation.

CHAI RVAN ARM JO How nuch tinme do we have
on the agenda, Ralph, do you know, for the full
Commi ttee?

MR CARUSO An hour and a half total.

CHAI RVAN ARM JO. An hour and a hal f, so --

MR CLIFFORD: That would include the
| ndustry, too?

CHAl RMVAN ARMJO Yes, so it's going to
have to be pretty condensed.

MR. MENDI OLA: | nean, any suggestions you
may have or would like to provide us on where we
should focus that would be ideal, but we recognize
it's a very difficult topic to nove quickly through
but just a suggestion. W can do that.

CHAI RVAN ARM JO | think we should talk
about that after we hear fromIndustry --

MR. MENDI OLA: Yes.

CHAlRMAN ARMJO -- and see how we
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apportion the time and get sone ideas what woul d be
the nost effective way to get this across in sone way
that it'll actually get finished. So if you don't
mnd, we'll just hold off.

MR. MENDI CLA: That's fi ne.

CHAI RVAN ARM JO Since we're ahead of
schedule, let's keep going, and |'m assuning there's
no problemw th conti nui ng.

MR. CARUSO No.

CHAl RVAN ARM JO. W' Il just keep rolling
t hrough, and | think our next presentation would be
Dr. Ozer fromEPRI and Montgonery from Anatech on the
interimR A criteria.

DR. OZER Good norning. M name is delli
Ozer, and I'd like to, first of all, thank the
Commttee for giving us this opportunity to present
the Industry position. Also, |I'd like to thank NRR
for having afforded us the opportunity to listen to
our concerns and afforded us an opportunity to express
them at a couple of workshops and interactions over
t he phone, as well.

Even though this presentation and the
foll ow ng presentations have either nmy nanme or Robert
Mont gonery's nane or Gary Darden's nane, |1'd like to

make the point that these are really presentations
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that were prepared jointly by the working group of the
fuel reliability program so they really represent not
j ust our personal views but the consensus view of the
wor ki ng group.

EPRI has representation fromall the U S.
nuclear utilities as well as a large significant
nunber of overseas utilities, and we have all the
vendors participating, al | the mmjor vendors
participating in this, as well.

As far as the Industry perspective on the
interim criteria that were proposed by NRR we
consider this criteria to be acceptable on an interim
basis. W are very grateful that a nunber of our
concerns have been addressed, nanely the separate
treatment of the coolability limt. There were
concerns of the RI L0401 was proposi ng col | apsi ng t hat
onto the failure limt, and there were a nunber of
other itens, as well, that are inportant, and they
have been addressed.

The one problemwe have is that a | ot of
what |'m probably tal king about will be based on the
two docunents that we saw, the draft of the SRP 4.2
that was rel eased early in February and the technical
basis docunent that was released in md-January.

Since then, we've had a | ot of discussions, and it's
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possible -- we anticipate that sonme of these changes
may occur in the final version of the SRP, but | wll
be nentioni ng them here anyway, because we don't know
whet her they will be there or not.

The areas that we feel our concerns have
been addressed i nclude the recognition of the pronpt
versus del ayed pul ses. This is particularly inportant
for cold BWR where the del ayed pul se can be a
significant fraction of the total pul se.

So, you know, when you put a linmt on the
BWRs, it really -- it's the pronpt part that is
driving. The |limt should be on the pronpt part, not
on the total and things that, you know, simlar things
with regards to clear definition of ternms, but we feel

that there are several key areas where inprovenent

still is needed, but we think that that's really
something that we'll be working on for the final
criteria.

There are sone issues, of course, about
the i npl enentation. W had sonme questions about that,
whet her these interim criteria will be inplenented
towards the current fleet of plants, and | think that
has been addressed by Paul. W do have sone, you know
-- again, because this was a question that was in

flux, we may be com ng back to that again.
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But our main areas where we would like to
work involve the anpbunt of conservatismthat is
included in the failure threshold. W feel that the
RI L0401 still has exercised, you know, too nuch
i nfluence on the failure, definition of the failure
t hreshol d, and we are concerned about the extent of
work that will be needed to address the coolability
i ssue on an industry-wi de basis, but we | ook forward
towards working with NRR toward devel opnent of these
i mprovenents in tine for the final criteria.

We are also a little concerned about the
timng. You know, if the final criteria are targeted
for 18 nonths fromnow, it really -- it's not nmnuch
time. We're concerned that there won't be nuch nore
experimental evidence conming in within the next 18
nont hs.

Qur perspective on RIA.  First of all, in
the last ten years since it becane evident that high
burnup fuel may fail at a lower level than the
criteria that were present, the industry has invested
a considerable anmount of R&D resources into this
issue. W studied it thoroughly, and |I feel that we
obtained a very good understanding of the key
phenonenon that are in action here, and we feel that

the test results can be explained in terns of just
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pel | et - cl addi ng nechani cal interaction in the burnup
range that we are interested in, the tine-tenperature
history resulting from the energy pulse and the

cl addi ng ductility.

Public expense puts pressure on the
cl addi ng strain, and the question i s whether cl addi ng
will withstand or the cl addi ng has enough ductility to
wi thstand that. There are no magi c, no unantici pated
phenonena that are taking place at |east, again, in
the burnup range that we're interested in and within
the enthal py levels that we're interested in.

This is -- you know, we've been planning
this for the last few years. Mst recently this has
been -- there has been a seninar, a workshop at CABR
where this was really organized, | think, at the
recomrendati on of NRC that CABRI sits back and tries
to sunmarize the Ilessons l|earned from all the
experinments, and | have some backup slides in the
handout about what the | essons | earned were fromthis
CABRI semnar. They are pretty consistent with what
we have been saying all along.

To obt ai n t hi s under st andi ng, we devel oped
a nechanistic nethodology for the analysis and
predi ctions of both the experinments and what will the

response be in a reactor. |It's rather
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strai ght f orward.

W used a fuel photomechani cal code with
FALCON. It's a 2D final el enment nethodol ogy code, and
it's very sinple. W just input the power pulse that
the test rod sees during the test and tried to
calcul ate what is going to be the pellet response.

Now this is a plot of half of the pellet.
This is the outside boundary, this is the cladding
region, and this is the center of the pellet, and
originally the tenperature is low. The first thing
that we noticed is that it starts torise in the rim
region here, and very quickly it rises way up while
the center of the pellet follows, and eventually the
rimtenperatures decrease slowy while the center of
the pellet feels the inpact of the energy pul se, and
long after the energy pulse is over we have a
par abolic distribution as before.

The thing to note here is that very early
on the cladding tenperature is very low. It's down
here, and it heats up, eventually heats up, so the
guestion is do we have enough time to heat up the
cladding to inprove its ductility. Very narrow pul se,
we don't have the tinme. You know, w der pul se, the
cl addi ng heats up and has nmuch nore ductility.

CHAI RMVAN ARMJO Now this preferential
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heating at the periphery of the pellet, is that valid
for fresh fuel, as well as high burnup fuel?

DR ZER: No, this is for high burnup
fuel. You have to have a rim

CHAI RVAN ARM JO  kay.

DR OZER You have to have arim and, in
fact, | wll be talking a little |ater about the
di f ferences between UQ, fuel, which has arim and MOX
fuel, which does not have a rimlike the UQ, fuel but
has many nultiple rims around each of the plutonium
grains within the pellet.

Now, so we use this to -- this calculation
of tenperatures and pellet expansions and pellet --
stresses that the pellet will exert onthe cladding to
determ ne the cl addi ng strai ns, and we conpared those
to the neasured strains. So this is a calcul ated
strain, and these are the neasured points for EPRI
tests.

So this is, you know, a basic difference
bet ween our approach and the approach that NRC has
used is that we start frombasic principles, try to
cal cul ate, see whet her we can predi ct what's happeni ng
in the experinments, and then we go to try to nake a
prediction in a reactor, whereas -- you know, so we

use the experinents, the R A sinulation experinents,
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primarily to validate our approach, to give us
confidence that what we're doing is correct.

CHAI RVAN ARM JO Now just to nake sure |
understand, is this one validation step that you' ve
gone t hrough?

DR QZER This is just an exanple.

CHAl RMVAN ARM JO Ckay, but there's been
nore? You've done it for nore rods --

DR. OZER That's right.

CHAl RVAN ARM JO. -- and fed that back into
your nodel ?

DR. (ZER Exactly, yes.

CHAI RMVAN ARM JO  kay.

DR OQZER And all of that has been
docurented in a report, and we use this know edge to
propose changes to the criteria. W found that we
obt ai ned very good agreenment with the neasurenent on
all non-failed cases.

W found that we -- you know, there is
sonmet hing funny about the failed cases, and we went
and | ooked at them and in every case they turned out
to be some unique characteristic. Either the tests
were done at room tenperature, or in the case of
CABRI, they were done on severely spalled, and

cladding has really large hydride blisters, or they
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were MOX fuel

So we proposed criteria and several of
those were reviewed to NRC in a topical report in
April of 2002. You know, since subnmitting this
report, we also had several workshops to discuss the
t echni cal approach t hat was used, the assunpti ons t hat
wer e used, and we provided NRC staff with training on
t he use of the FALCON code. 1In fact, we offered them
t he FALCON code so that they could try to duplicate or
try to do an independent eval uation of our results.

The topical that we submitted was not
accepted. W received a nunber of questions
i ndicating staff concerns. They were primarily with
how we treated the wuncertainties in nechanical
properties. Again, we used the mechani cal properties
to feed the code to calculate what happens in the
test.

Well, there is less scatter in the
nmechani cal properties, and we used the best estinate.
You know, they were suggesting different approaches,

you know, and we used a netric to determ ne when fuel

fails, which we call the strain energy density,
critical strain -- we wuse critical strain energy
density.

We coul d have used another nmetric. W
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coul d have used total, you know, plastic elongation,
and, in fact, you know, that was questioned that we
are using this new netric, and there were sone
concerns with our coolability Iimt approach, as well.

One thing 1'd like to point out about the
netric that we used is that you could use a different
metric, but if you use a simlar approach, you end up
with pretty nuch simlar failure occurs. This is the
pl ot that we took out froma presentation put together
by the Swedish authorities and presented various
pl aces, ANS neeting and the CABRI neeting by Jan In de
Betou from the Swedi sh Nucl ear Power |nspectorate
and, you know, what he calls present study here is
really the Swedi sh study, whichis this |line here, and
he conpares that to the Iine that we proposed, which
drops really bel ow his estimte, and he al so i ncl uded
a cal cul ati on done by Battel |l e- Nort hwest usi ng FRAPCON
and al so total elongation, | believe.

Now, you know, vyes, there are sone
di fferences, but you can see that these all bunch
pretty much together. This is the staff research
proposed failure criteria proposing RIL0401. [It's way
down. It's inconsistent.

MEMBER SHACK: Now on that best estinmate,

as | recall that data, | nean, it was truly a shot gun.
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DR CZER: Yes. It was. Well, there are

| arge variations, and we can treat them-- what we did
was to do a best estimate to that data and then tried
to use a very conservative burnup-to-oxide. You know,
we need to -- we tried to translate this to a burnup
space, you know, so this is burnup here.

So to go from you know, to go to burnup
from you know, the real variable, which is hydrogen,
and we were using oxide as the surrogate, to go from
oxi de to burnup we used a very conservative oxidation
curve for Zirc-4, which should have really coveredit.
And, yes, we --

MEMBER SHACK: Wy didn't you just use a
conservative one for the failure criteria instead of
the best estimate? | nean, that would seemlike the
| ogi cal place to put the conservati sm where you have
all the scatter.

DR OZER Yes, if we had done that and
used a conservati ve oxi de-to-burnup approach, as wel |,
we woul d have predicted every surviving test to have
fail ed, whereas, you know, our predictions of the
surviving tests are pretty good. So, you know, that
woul d have been an overly conservative approach, but,
you know, what we could do is --

You know, since then, since we've recei ved
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t hi s feedback, we' ve been | ooki ng at different ways of
addressing the uncertainty issue, and we have done a
statistical approach. W tried to elimnate sone of
the tests that were not that relevant to RIA let's
say, focus on a burst test, for exanple. Just use
burst tests. Try to fit those and do, you know, a
statistical 95-95, whatever, approach.

W al so even tried a Monte Carl o approach,
and, you know, we can get different results wth
those. You know, sonme are |ower, but they are stil
hi gher than the RI L0401 gui dance.

MEMBER SHACK: | notice you didn't --
there's a criticismof FALCON that it under-predicts
fuel tenperatures. |Is that sonething that you' ve
agreed with in the SCR?

DR. OZER: Robbi e, can you comrent on that?

MR MONTGOMVERY: | can comment on that,
yes. Robert Montgonery from Anatech. W didn't |ist
it on the slide. W've provided the staff with our
input onthat. W don't believe it underestimtes the
fuel tenperatures.

DR. (ZER. Now, you know, so this was a
conparison with RILO401. As far as the interim
criteria is concerned, we did participate in their

devel opnent. We provided oral comments at NRR
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wor kshops and responded to, you know, provided
technical input for the witten and oral and provided
witten docunents on the draft criteria.

Some of these have been incorporated into
the technical justification docunent, in particular
the i nproved definition of non-PCM failure criteria,
the recognition of the pronpt versus del ayed pul se
effect, the consideration of the role of hydrogen
particularly for BWRs, and we've identified areas for
further inprovenent.

Now as far as a summary of the renaining
t hat we have, they have to do with i npl enentation, the
enhancement of the technical basis for the PCM
failure criteria, and the definition of the approach
and met hods needed to address the coolability issue.

Now as far as the inplenentation of the
current plans, you know, we were very concerned about
whet her they would be -- theinterimcriteria would be
i npl enented to the current plants, and there was a
| etter that was put together under NEI's auspices, and
that was submitted to NRC

Essentially, the letter says that since
these are interimcriteria, and final criteria are
expected only within, you know, a short tinme that we

should really be focusing -- you know, if
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i npl enentation is to be considered, it should be on
the final criteria and should provide sufficient tine
so that the appropriate nethodol ogy is devel oped, and
we felt that early, you know, too early inplenentation
may have a considerable inpact on the core design
pr ocess.

As far as our concern with the failure
criteria are concerned, we feel that the failure
criteria still are a subjective | ower bound of
adjusted RIA-simulation tests. Again, we have to
adjust the RIA tests to give us an idea of what that
fuel woul d have responded like if it was in a reactor
situation.

So you're taking room tenperature rods,
rods that have experienced a four mllisecond pul se,
and tried to translate those into, you know,
pressuri zed high tenperature, or in the case of BWRs
we argue that if it's at roomtenperature the pulseis
much wi der, so al nost an order of magnitude w der.

MEMBER  SHACK: Cdel 1, I'"'m getting
conf used.

DR. OZER: Sure.

MEMBER SHACK: | f you go back to your slide
7, this criterion, that's the thing. Now do you agree

wi th the conmparison that they' ve made in the technical
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basi s docunent between the interimcriteria? |'m
assum ng that your nechanistic one here you've --
everybody's plotting agai nst different variables, so
| can't get a one-to-one conpari son.

DR. OZER Yes. Right.

MEMBER SHACK: Is their translation of your
criterion onto their plot, do you think they've done
it correctly?

DR. OZER |1 n what Paul has presented or --

MEMBER SHACK: What Paul presented.

DR, OZER Yes.

MEMBER SHACK: That's really the -- we're
still talking about the sane curve, or is that a
different curve?

DR OZER Go ahead.

MR  MONTGOMERY: The curve that Pau
plotted is a different curve than the one that was
submtted in 2002. That's in the -- that Odelli's
tal ki ng about and showi ng here on this curve.

MEMBER SHACK: Ckay, so that's a different
curve still, so there's three curves floating around.

MR MONTGOMERY: Yes, and that one has not
been finalized or submtted to the NRC for any revi ew
or anything at this point. This is just --

MEMBER SHACK: How woul d this curve | ook
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conpared with this curve if | plotted themagainst the
sane vari abl es?

MR. MONTGOMERY: Dr. Shack, you'll have to
be a little nore specific which is this curve and
which is that curve.

MEMBER SHACK: Paul's curve with -- he's
got fuel enthal py rise and oxi de wal | thickness versus
this curve where | have radial average fuel enthal py
and bur nup.

MR. MONTGOMERY: Okay.

MEMBER SHACK: And | can't conpare the
curves at all, because |'ve got different vari ables.

MR. CLIFFORD: If you | ook at ny slide 14,
the green dotted line was what we call a 95 percent
| oner bound. That's sonething they provided --

MEMBER SHACK: Si nce.

MR. CLI FFORD: -- since, but if youwere to
take t hat point at 150 cal ori es per gramand j ust draw
it out all the way to about .16 and then start
lowering it slowy, that would be nore in line with
what the original entry was, yes.

MEMBER SHACK: The original plot. GCkay.
Ckay.

MR. CLIFFORD: You agree with that?

MR. MONTGOMERY: | would agree with that.
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MR. CLI FFORD: And, you know, that curve,

again --

MR MONTGOVERY: About .12 when it would
start to drop down. |Is that what you sai d?

MR CLIFFORD: | said .16.

MEMBER SHACK: He said .16, but close
enough.

MR MONTGOMVERY: | think closer to .12
but, you know.

MEMBER SHACK: At least it gets us
sonewhere in the same universe

MR. MONTGOMERY: It should be noted, just
to finalize this or at least clarify this, it should
be noted that in the original proposal that's shown on
the figure here in terns of burnup, we did not
consi der the effects of spallation. Spalled rods were
not considered in the devel opnent of that curve.

I n the devel opnent process that we | ooked
at in the curve shown in Paul's slide, slide nunber 14
that says "EPRI mechanistic 95% | ower bound," that
curve was developed considering the effect of
spal lation, so there is a different-end approach that
we are currently exploring to consider the effects of
spal l ation and at | east identify howthey woul d i npact

a statistical assessnment, and then we can deci de | ater
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on which approach we want to take, considering
spal lation or not, so in the figure that's shown or
the curve that's shown on slide 14 in Paul's
presentation includes the effect of spallation, which
t he previous study did not.

MR. CLI FFORD: Another inportant point is
you had nmentioned earlier that why did they use a best
estimate fit and then put the conservatism in the
burnup tal ks Iike conversion. The slide here on 14,
the line here is a 95 percent | ower bound, soit's not
the earlier best estimate fit.

MEMBER SHACK: Yes, but did you get the 95
percent fromthe Monte Carlo on all the uncertainties,
or is this just a 95 percent on the CSD?

MR. CLI FFORD: 95 percent of a Monte Carlo
of all the uncertainties.

MEMBER SHACK: All the uncertainties.

MR CLIFFORD: That's correct.

MEMBER SHACK: Ckay, which seens |ike the
way to do it.

MR. MONTGOVERY: Yes. Now you get into the
di scussion of the data that you use and what you
consider in terns of spallation and that sort of
t hi ng.

DR. QZER Yes, that curve was -- again,
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we've been  working, trying to address the
uncertainties in different ways, and we did not
identify it in a fornmal topical report. That's --

MEMBER SHACK: That's not an official EPRI
curve.

DR OQZER The concerns that we have with
the current, the proposed failure criterion for the
interimcriteria is the use -- the adjustnents that
were nade to the data contain sonme really questi onabl e
assunptions, and we question the applicability of
FRAPTRAN to this kind of RIAsituation where it hasn't
really been very well validated, we feel

As far as the assunptions, in order to
mat ch the observed results, they have to assune that
t he cl addi ng gap for these hi gh-burnup rods was of the
same nagnitude as fabricated, fresh-cut. Oherw se,
you know, they could not predict the observed, you
know, strains.

And t he assunptions that were nade, that
there is no difference between UQ, and MOX response,
that room tenperature and hot-zero power cladding
ductility is pretty nuch the sane -- it doesn't change
that nuch -- and that high corrosion cladding with
spal l ed and unspal | ed cases responded the sane way,

and this results in a failure criterion that that is,
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you know, | ower than it needs to be for noderate oxide
t hi cknesses due to these biases.

CHAI RMAN ARM JO As far as that gap i ssue,
if all of these rods were prefabricated before the
test, you know, how does anybody know what the gap is?
| mean, there's a |lot of nachining and drying out,
rewel ding, refilling the gaps. How does anybody know
what the gaps are?

DR OZER In the RIA tests they are
conditioned. They run for a while, and, | nean, the
cladding is the sane cladding, and they're just
putting encaps, so, you know, if the cladding has
col | apsed, they will not pressurize it to the point
that it will, you know, expand again, so it will have
the gap that it has at the end of life, but, you know,
you may question whether they --

CHAIRVAN ARMJO  Well, whether it's
fragnented fuel, whether it's relocated during the
cutting and t he machi ni ng and wel di ng end pl ugs, a |l ot
of things happen. |[|'mjust wondering how.

DR OZER: Well, all of those things wll
tend to nake the gap even snaller.

CHAl RVAN ARM JO.  Yes.

DR. OZER: So, you know, assum ng that you

have initial gaps is really going the wong direction.
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CHAI RVAN ARM JO  Ckay.

MR. MONTGOMERY: Dr. Armijo, | should al so
poi nt out that these are primarily high burnup rods,
so the residual gap is quite small to start with, so
even if there is sone uncertainty, if it's five
m crons versus ten mcrons, it's not going to be a
huge effect on the performance of the rod either in
the predictions or the test itself.

CHAI RVAN ARM JO. So how does t hat conpare
with the as-fabricated gap that was the adjustnent
made by --

MR. MONTGOMERY: The as-fabricated gap
woul d be on the order of about 100 microns, 90 to 95
m crons, so we're tal ki ng about a residual gap on the
order of five percent or less typically for these high
bur nup rods.

CHAI RVAN ARM JO  kay.

DR OZER | would like to address all of
t hese points one by one. First of all, as far as MOX
versus UQ, it's very obvious that, you know, MOX
doesn't have a rimin the sane sense as UQ,. Instead
it has multiple rins around each of the grain, each of
t he pl utoni um oxi de grains, and that results in nore
of the pellet responding to the challenge, and, in

fact, to produce the sane anmpunt of stress on the
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cladding that a MOX rod that is hit with 80 cal ories
per gramenergy input, if you want to produce the samne
amount of strain with a UQ, pellet, you woul d have to
hit that UQ, pellet with probably twi ce that anount of
ent hal py.

So, you know, they are pretty different,
you know, different types of fuel, and in countries
where MOX fuel is utilized extensively, they either
have inplemented separate MOX criteria or are
proposi ng to use separate MOX criteria

CHAl RVAN ARM JO  And woul d those be nore
conservative than the UQ?

DR. OZER Onh, yes. The MOX criteria would
be | ower than UG

CHAI RVAN ARM JO And specifically what's
that? |Is that French or what? Wat country is it?

DR ZER The Swiss have, | believe,
i npl enented already. The French are proposing. The
Japanese, | don't know. Rob?

MR. MONTGOVERY: | can't speak to the
Japanese.

CHAI RVAN ARM JO  kay.

DR OZER There is also -- in RILO401
there is the argunent that there isn't really that

much i nprovenent in the elasticity of the cladding as
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you go from room tenperature to high tenperature to
operating tenperatures. This is a bunch of NFIR burst
tests. These are at roomtenperature. These are at
operating tenperature, 300, 350. There is a factor of
al nost three inprovenent in total plastic elongation.

There is the claimthat hydride blisters,
you know, don't play a role, and yet all the failures
that we see originate at hydride blisters. You have
brittle failure which then propagates by a tear. In
cases where you have non-spall ed situation, you go to
an ei ght percent extension, and you finally fail here,
wher eas when you have spall ed oxide, one and a half
percent is sufficient because of the initiation of the
crack within the blister. Again, it's hard to see,
but this is the blister here, and here is a blister.

MEMBER SHACK: Wl |, the SCR says that the
cl adding cracks were not associated with hydride
blisters or spalled | ocations.

DR. (ZER: W disagree with the SCR

CHAl RVAN ARM JO Wl | that's a -- you have
a factual disagreenent.

DR OZER Well, | don't think that we are
the only ones to disagree with this. In fact, one of
the things that comes up fromthe CABRI synposium --

do you know what slide it is, what's the nunber of the
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MR. MONTGOMERY: 23 and 24.

DR OZER Here, these are the min
concl usi ons of the CABRI sem nar based on the tests,
the CABRI tests. Hydride content distribution and
orientation is the main paranmeter |eading to the
decrease in cladding ductility.

Non-spalled UQ, rods have sufficient
ductility at 80 to 100 m crons of oxide thickness to
survive up to 100 calories per gram | nean, this is
the CABRI program participants' concl usion.

CHAI RMVAN ARM JO. That is a working group.

DR. QZER I t consi sts of t he
representatives fromregul atory agenci es fromall over
Europe and Japan. NRC participates in that, the
French, of course.

CHAIRMAN ARMJO So the question is
whet her you have spalled rods in the power plants.

DR. OZER Wether you -- it's not only --
spal lation by itself is not sufficient. You have to
operate in a spalled node for |long enough to forma
hydride blister. 1It's the blister, the hydride
blister, that is reducing the ductility of the
cladding. Incipient spallation, it is questionable,

you know, what the effect will be.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

106
CHAI RVAN ARM JO  Ckay.

MEMBER SHACK: Just |l et nme ask the staff if
t hey have any conment on that. | mean, your statenent
is that the spalling did not cause early failure but
sinply was a consequence of heavy oxidation that
per formed, produced uniform hydrides, which degraded
ductility. So everybody agrees that having |ots of
hydrogen and hydri des is bad. The question is whether
the blisters and the spallation itself played an
actual role.

MR CLIFFORD: 1'll defer this to Harold.
That position was devel oped by Research.

MR SCOTT: This is Harold Scott fromthe
O fice of Research. | guess we weren't prepared today
to rebut all of the industry itens, but | don't think
you shoul d assune t hat because we're not that we agree
wi th what they're saying.

As an exanple, in the CABRI tests there
were many cracks found in the PIE netall ography that
were not associated with the blister. They just
didn't happen to be the one that cracked through
first. W don't knowif it --

CHAI RVAN ARM JO. No, but the primary crack
is what's of interest, the one that actually caused

the failure. There can be subsequent cracks that are
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not particularly interesting. You know, it's the one
that actually causes the thing to fail. [If the
primary started at blisters, you know, we'd certainly
i ke to know that.

MR. SCOIT: | don't renenber exactly, but
it seemed like in one of the tests there were several
cracks that actually went through the wall.

CHAI RVAN ARM JO It kind of nakes --

MEMBER SHACK: There still is a debate
goi ng on.

MR. SCOIT: There's a debate goi ng on.

CHAl RVAN ARM JO  But it kind of makes
sense that there's a lot nore hydrogen in a blister
than thereisinjust auniformy distributed rim and
if hydriding is the nmechanism it's reasonable to
expect that the highest concentration of hydrides is
where you woul d have your m ninmum ductility.

MR SCOTT: That woul d be true.

CHAl RMAN ARMJO So this kind of hangs
together, this argunent that the blister is certainly
representative of spalled rods, and | certainly know
that spalled rods can exist in power reactors. Mybe
that's old fuel versus new fuel. | don't know, but I
wish -- I'"d sure like to see the staff address that so

that we just aren't arguing that cracks don't formin
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blisters or the cracks do form

MR SCOIT: Didn't.

MEMBER SHACK: You're testing the --

CHAI RVAN ARM JO. Yes. This is an issue of
fact rather than judgnent, and so |I'd sure |like to get
that cleared up so that we --

MR. SCOIT: The tests in the Japanese in
SRR wer e not spal ling. They have cracking failure. So
go back to delli's slide of the strain, the uniform
el ongati on versus, yes, total elongation.

If we plot other data, it may not show
that strong a trend. It also, in the analysis that we
did, we found that making the assunption we did gave
a closer representation of the data and the anal ysi s,
and this one would seemto give a -- spread the data
points apart after you adjusted them by using a
stronger tenperature versus elongation

CHAI RVAN ARM JO. kay, so we can concl ude
there's a di sagreenent.

MR, SCOIT: Yes.

MEMBER SHACK: That nuch is clear.

CHAl RMAN ARM JCO It's clear. Ckay.

DR. OZER To address the question of how
much spal l ation we woul d have to assume can exist in

current fleet of reactors, I'd like to note that none
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of the advanced cl addi ng have shown any i ndi cati on of
havi ng spalled. M cladding, you know, just doesn't
oxi di ze that nuch, and ZI RLO cl addi ng, even at high
oxi de thicknesses, the rod that was pushed to really
hi gh oxi de thicknesses in the vendor's reactor by
irradiating an extra cycle under rather high-duty
conditions did not spall.

So in keeping that in m nd, you know, that
the cladding that's npbst susceptible to spalling is
Zirc-4, this is the current inventory in U S PWRs.
The red line hereis ZIRLO, and it's al nost, you know,
67 percent. M is 12.5 percent, so, you know, this is
80 percent of the total fleet is advanced cl addi ng.

The only plants -- there's only 20 percent
of the inventory is Zirc-4, and this really tends to
be in plants that don't have a hi gh-duty expectation,
so the probability of spallation is very snmall, and
this is really the trend is for these to go down and
these to go up, looking at just, you know, |ast year
versus this year and projected.

So, you know, we need to keep that in m nd
when assigning weight to the spalled rods in
determning the --

MEMBER SHACK: But again, the proposed

criteriawouldn't penalize the ZI RLO because it's not
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going to have a thick enough oxide to put you out on
t hat --

DR. (ZER: You woul d have to develop --
yes, you would have to devel op special criteria for
ZIRLO or justify ZIRLO can use a different set of

criteria. | think, you know, Paul showed a |ine that

MEMBER SHACK: Wbul dn't his -- hiscriteria
with the oxide thickness, doesn't that kind of cover
ZI RLO, because it's going to have a thin enough oxide
that you' re going to be down in that, the high energy?

DR OZER: It will not cover ZIRLO. It may
cover Mb.

MEMBER SHACK: Mb but not ZIRLO.  Ckay.

DR OZER But not ZIRLO, and ZIRLO shoul d
not be penalized for spalling.

CHAI RMVAN ARMJO You're saying ZIRLO
shoul dn't be penalized for spalling if it's not
actual Iy happeni ng there.

DR. OZER: Yes. W have not seen any.

MEMBER SHACK: So ZIRLO is going to be
somewhere in this .12 range that you' re concerned
about .

DR, OZER Yes.

MR. MONTGOMERY: Actually, it's nore like
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.8. Once you get to .08, you' ve kind of reached your
-- that's like 50 m crons or so.

CHAl RMAN ARM JO As long as we're at it,
for the BWRs, Zirc-2, do you have sonething simlar
for that? Is the inproved Zircoloid 2 nore resistant
to spalling than the ol der versions?

DR QZER I'msorry, | don't have that
i nformation.

CHAI RMAN ARM JO  kay.

DR QZER The areas where we would li ke to
see the BWR criteria inproved is -- you know, Pau
showed you a curve that we fixed to NSRR data, and
t hose NSRR data were obtained with four-mllisecond
pul ses versus a 30-millisecond pul se that we woul d
expect in an actual BWR, so, you know, we're adjusting
t he PWR dat a upwards to account for these differences.
W feel that the BWR data shoul d be adj usted, as well.
So, you know, we just feel that those are
conservative. What has been proposed is conservative.

There is some concern about t he
application of theinterimcriterionto hot-zero power
cases. W feel that when you allow t he BWR cl addi ng
to heat up, the criteria that we propose for PWRs
shoul d be applicable at high tenperatures, so, you

know, you should be able to swtch.
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CHAI RVAN  ARM JO You're saying the
cl addi ng nmechani cal properties should be adjusted.

DR OZER Well, the criteria should be.
We shoul d be allowed to use the PAR criteria for BWRs
at hot power.

MR. MONTGOVERY: Because of t he i nprovenent
in the nechani cal properties of the BWR cladding, it
should go from room tenperature to hot conditions.
It's because of the mechanical properties.

DR. OZER And there is sone concern about
t he |l anguage that is being used, because, you know,
we're using the nost conservative -- we're using the
| oner anmount of the experinmental data, and that has to
be conbined with the nost limted accident anal ysis,
so it seens like we're piling up uncertainties all in
t he sane direction.

This is sone data to show t he i nprovenent
in the BWR cladding nechani cal behavior wth
tenperature. Wiat we have here is EDC test,
el ongation due to contraction tests, expansion due to
contraction tests. These are tests where irradi ated
cl addi ng segnents or pre-hydrided cladding segnents
are filled with a plastic core, and then the plastic
core is pushed to expand to sinulate an RIA

experi ment.

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

113

And what we have, what we see here is that
when you have zero hydrogen, you have quite a bit nore
ductility than at room tenperature, and then as you
heat up, it quickly goes up. These points are failure
points, so obviously the line has to be low all the
failure points. This is a surviving point.

Now i f we have sone -- if we have a
significant anmount of hydrogen, like 250 to 350 ppm
the initial ductility is |ower already at room
tenperature, and it takes longer for it to inprove,

but eventually it does inprove.

It inproves at 150 degrees. |f you have
300 to 500 ppm hydrogen, it takes still |onger, but
still there is an inprovenent. Now we're not talking

about such hi gh hydrogen concentrati ons.

So we feel that there are sonme potenti al
areas for inprovenent in the final failure criteria.
Bot h t he newer experinental data will help, as well as
a fully qualified anal ytical approach to -- you know,
if we are going to use adjusted data, let's use
qgual i fied, know edgeabl e approach, and account for the
nost severe | oadi ng fromMOX, account for the inproved
cl adding ductility as tenperature goes up, and the
i mproved cl addi ng mechani cal response i f we don't have

spal | ati on
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And nmy next plot shows what | nmean. This
is pretty much the data that -- the PWR data that has
the adjustments of adjusted RIA sinulation tests.
These are the SRR tests. These are the CABRI tests,
and this is the CABRI MOX test, and the failure
criterion that has been proposed fits this, you know,
has been proposed to fit this data.

What we believe is that the adjustnents
are not enough. These are just a tenperature
adj ustment. These points would nove up here if they
wer e adj usted using -- you know, if this were to nove
up here, this one would nove up here.

CHAI RVAN ARM JO That's just atenperature
correction?

DR. QZER Just a tenperature difference.

CHAI RMVAN ARM JO  kay.

DR. OZER Now MOX. W go fromhere up to
here if we account for, again, the stress that would
be exerted by the UO, pellet on the cladding. So we
would propose to raise the failure «criterion
particularly in this range here, which is really the
nost i nmportant range for operating the reactors, and,
you know, this would be taking into consideration the
spal led rods, and if we don't take into consideration

the spalled rods, we would have a curve like this.
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It's really a shame that nost of the
future experinents are focusing in this range of oxide
t hi cknesses, and, you know, these are beyond the
currently |icensed oxide thicknesses, and we don't
expect to get there. W should be |ooking nmore in
this range, and we should be | ooking nore at the
di f ferences between MOX and UQ, but, you know, we hope
that, again, using a better, nore systenati c approach
we can justify using this kind of a curve.

CHAl RMVAN ARM JCG |Is there any chance of
convi ncing the fundi ng agenci es or sponsors of these
future tests to focus in the area of interest to
operating plants? | don't know who nakes those
deci sions, but that's where you' d put your noney.

DR QZER Well, it's, you know, we nay
have a chance with the CABRI experinents, especially
if we can get NRC s support. You know, we are both
participating in that, but again, it's we would have
to convince the other sponsors of the CABRI program
that this is a good approach, that this is where the
data i s nost needed.

W have less control over the NSRR
experinments, because they are sponsored by the
Japanese governnent, but again, we can try to convince

them That's the only thing we can do.
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MR SCOIT: Excuse ne. This is Harold
Scott. Could I just comrent on -- since you noved
t hat MOX point so far, but you had a slide before that
said that the strainis primarily a function of the
t hermal expansion. WelIl, the thermal expansion of MOX
is not twice UG, so | don't know why that point noves
so far.

DR. QZER. To produce the same anmount of
strain on the cladding that a MOX rod woul d produce
under 80 cal ories per gram you would have to insert
150 or 140 calories per graminto a UQ, pellet. It's

MR SCOIT: Is it the neutronics? |Is the
neutronics there not --

DR OZER It's not twice the expansion
It's where, you know, where the expansion is
happeni ng, you know, the rimbeing on the outside in
the UQ, versus, you know, the entire pellet
contributing in the case of MOX

MR SCOTT: Well, that's one answer, |
guess. Ckay.

MR. MONTGOMERY: Harold, let me see if |
can try to answer that question for you. The
conclusions fromthe CABRI sem nar were only focused

on UQ, so the conclusion that -- UG, pellets, so the
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conclusion that the primary driving force for clad
loading is from thermal, pellet thermal expansion
only applied to UQ, not MOX

In MOX you have an additional conponent.
That could be the contribution of fission gas
expansi on i n the pl utoni umcongl onerat es that coul d be
expanding the pellet additionally above the therna
expansi on.

CHAI RVAN ARM JO So there's nore than one
mechanismin play in MOX fuel

MR MONTGOMERY: That is the current
expect ati on, yes.

MEMBER SHACK: Yes, but that seens to be
counter to this one, that it takes so much nore energy
to get another nechanismto drive it up.

MR. MONTGOMERY: What we're saying thereis
that that rod failed at sonewhere 100 cal ories per
gramas a MOX rod, but the cladding strain that it saw
was about -- which would be the expected amount to
cause it to fail. To get the sane anount of cladding
strain in the UG rod, you'd have to increase it to a
hi gher level. So that's the -- the hash synbols there
are the transl ated data point into a UQ, space.

CHAI RMVAN ARM JO  kay.

DR OZER As far as the coolability [imt
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is concerned, we see that there's a fair anmount of
effort that will be required to disposition of it.
There are two concerns.

One is the short-term the inpact of hot
particles being released into the coolant and the
pressure pulse that may result from that, and ten
there is the longer term concern that Paul talked
about that the redistribution of the disbursed
mat eri al and t he cool ability questions, the ball ooning
and so on.

| think what we would like to do in this
area is really try to see whether they can be -- to
what extent they can be addressed on a generic basis,
maybe provi de a reference so that individual |icensees
can deci de whether they want to use that or whether
they need additional relief to do sone additional
cal cul ations of their own.

CHAl RMVAN ARM JO.  Topical reports that
ot her people could reference --

DR, OZER Yes.

CHAI RMVAN ARM JO. -- and justify appliesto
their plants.

DR, OZER Yes.

CHAI RMVAN ARM JO  kay.

DR OZERF So as far as the "final"
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criteriais concerned, we | ook forward t owards wor ki ng
with NRC to reach consensus on these. W hope to
enhance the technical basis of the failure criteria
usi ng the newer data and inproved anal ytical nethods
and devel op approach to disposition the coolability
concerns.

CHAl RMVAN ARM JCG So you don't really --
your next-to-last slide, you' re saying as far as the
things that needs to be addressed, you're not
objectingtothat. |It's just howto do it efficiently

DR OZER Yes.

CHAI RMAN ARM JO -- is your issue

DR QZER. | think they need to be
addressed. They need to be | ooked at.

CHAI RVAN ARM JO Ckay. Thank you.

DR. QZER: Thank you

CHAl RMVAN ARM JO. These are the backup
sli des.

DR. QZER Yes, the backup slides are the
conclusions fromthe CABRI seninar, and, you know, --

CHAI RVAN ARM JO It mi ght not hurt to just
-- we've got a little bit of time -- just to --

DR OZER Well, | tal ked about the first

one, which is that the hydride distribution
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orientation is the main factor and that non-spalled
rods can survive to 100 cal ories per gram so we
expect the non-spalled limt to be about at that
range.

They concur that PCM loadingis primarily
pell et thermal expansion up to 110 cal ories per gram
and 75 gigawatt-days per to burnup, and that's the
range that we're interested. You know, beyond that,
you know, other things may happen, but --

The ot hers are not that rel evant, | think,
to -- yes, there is significant range in fission gas
rel ease fromthe green-grounded gases. W know t hat.
They observed that there is up to 30 percent helium
release it the total fission gas release, and they
don't know why that is observed.

One thing that's kind of interesting and
has to be kept in mnd is they observed that during
the transient, nost of the CABRI tests lost their
oxi de layer, and this did not happen in the NSRR t est,
so they think that this may be a sodiumeffect. You
have the tenperature di fferential between t he cl addi ng
and the sodium and it contributes to the spallation
of the oxide during the test.

And | al so woul d li ke to nention that once

a rod fails in CABRI, it should be inspected very
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soon, because sodium gets in there. It expands the
cracks, adds additional cracks, and, you know, if you
|l ook at it three nonths |ater, you know, you don't --
you know, it's very difficult to determ ne where the
initial crack has occurred, and |I think that's what
may be confusing research.

The rod that Harold was referring to was
| ooked at, | believe, twice, once shortly after the
failure and once, you know, nuch |ater on, and the
cracks were nmuch | arger, had propagated, so that's one
thing that has to be considered. And the |ast point
is that the fast pulse is ten mlliseconds, are nore
adi abatic, and | ead to higher PCM | oading, |ess clad
heating -- that stands to reason -- and | arger zone of
pel l et fragnentation.

These are sone slides to nmap out the MOX
versus UQ, response. This is the -- during the test,
the amount of sodium that is ejected at a certain
poi nt, take a snapshot, and the |l ower curve is full of
UQ,, and the upper curve is for MOX, the sodiumthat
is ejected fromthe test rig when the fuel enthal py
reaches 70 cal ories per gram

W have to cut it at a certain point,
because after that point, some of the ejection of the

sodi um may be due to the expansion of sodium due to

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

122

heat - up, so, you know, you have to catch it early on,
and we already see this big difference here.

CHAIRVAN ARMJO  So this is thernmal
expansion of the test rod itself?

DR. OZER That's right.

CHAI RVAN ARM JO. So it's t he vol une change
of the fuel rod.

DR. QZER Pushing out the sodium out of
the rim

CHAl RMVAN ARM JO  Ckay, and you get nore
with the MOX than with UQ.

DR. OZER kay, this is just, | think, too
conpl i cat ed.

CHAl RMVAN ARM JO Yes, let's not --

MEMBER SHACK: Well, it's just nice to see
such universal agreenment on a criterial

CHAl RMVAN ARMJO It just makes our job
easy

DR OZER Well, it's nore of a historic
interest, | think.

| think the next presentation -- see, we
focused this presentation on just the Appendi x B of
SRP 4.2, but there are sone additional issues,
feedback that we would like to provide with the -- to

NRC concerni ng the current version that was rel eased,
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so that will be addressed by Rob.

CHAl RMVAN ARM JO Ckay. Well, we've got
25, 20 m nutes before lunch. Do you think you can get
your presentation?

MR. MONTGOVERY: | think so.

CHAl RVAN ARM JO Well, why don't we do
Robs, and then --

MR MONTGOMVERY: | have 13 slides.

CHAIl RVAN ARM JO. Well, we canrunalittle
over.

MR. MONTGOMVERY: Yes, if we go to 12:15 --

CHAI RMAN ARM JO. Yes, let's just do it.

MR. MONTGOMERY: It's only our |unch.

CHAI RVAN ARM JO It's our lunch. That's
right. W could afford to skip a neal once in a
whi | e.

MEMBER SHACK: | have nmy Nutella right in
nmy bag.

CHAI RVAN ARM JO. Do you have the slides?

MR. MONTGOVERY: Yes, they're out here.
Yes, they're in our C drive.

Ckay, what I'd like to present today is a
sutmmary of the industry's comments follow ng our
review of the Standard Review Pl an, Section 4.2,

Revi sion 3 revi sions that were sent out in the Murch,
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m d-March tine frane.

This slide here just summarizes the
outline of nmy presentation. 1'Il briefly give you
some background on our views on what we' ve been doing
inthis area. This is not an area -- this is an area
that we' ve actually been | ooking at primarily interns
of high burnup effects on SRP 4.2, so we have al ready
done sone of these reviews and identified some of the
changes that have been devel oped by the staff.

Then 1'd like to go through sone of the
concerns that we have on the revisions. |'ve kind of
grouped themin ternms of general conments and then go
t hrough the fuel system damage itens, the fuel rod
failure items, and then fuel coolability itenms, then
anal ytical predictions, and then just a brief sunmary
of the some of the Appendix B criteria for R A that
we' ve devel oped and actual |y conmuni cat ed back to the
staff, and then just a brief summary.

So the objective of our reviewwas to try
to determine the inpact the revisions would have on
the fuel and core design processes and the nethods.
W had previously gone through a review of SRP 4. 2,
Reg 3 that was issued in 1996 and devel oped a set of
recommended changes f or burnup ext ensi on applicati ons,

primarily going beyond 62,000 gi gawatt days, our |ead
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rod average burnup.

These were summari zed i n a topi cal report.
The EPRI nunber is there. That has been provided to
the staff in the last, | think, l[ast year sonetine,
and they identified a nunber of the same itens or
issues that -- our review identified several of the
sanme itens and issues that were changed by the staff
changes, so our recomrendati ons are pretty consi stent.

However , there are sone comments,
additional ones that we'd like to make. Just for
applicability to future cores, we'd like all the
references to zircaloy to be changed to zirconium
alloy and allow us to cover M, Zirlow, instead of
tal ki ng about zircal oy.

I n addi ti on, one of the key questions here
is we need sone specification on howthe newcriteria
are going to apply to current operating plants, not
just in Appendi x B, which we al so tal ked about t oday,
but also the rest of the criteria that are -- gui dance
is provided in the docunent.

Nowwhat |'Il dois | haven't gone through
the whole -- | won't be going through the whol e SRP
I"'m just going to highlight where we identified
corments, so |'Il identify the section, subsection

and then paragraph where there are corments. That's
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what this indication is here, section, subsection,
sub- subsecti on, and paragraph, | believe, of where our
coments are.

In terms of the fuel system damage
par anmeter rel ated to oxi dati on, hydridi ng, and buil dup
of corrosion products, there are two primary comments
we have. First is there's a definition there about
accept abl e, shoul d denonstrat e accept abl e strengt h and
ductility.

W expect that there needs to be sone
better definition of what acceptable neans. Wuld
that refer back to the strength and strain paraneters
and ot her sections of the SRP, or is there sonething,
some ot her paranmeter there that's expected?

Secondly on that one, there is a focus on
primarily mechani cal properties defining strength and
ductility, which seens to preclude the allowance of
alternative approaches to satisfying these criteria.
For exanmple, thermal performance, the corrosion
t hi ckness may need to be limted based on a thernal
performance and not a mechanical perfornmance, or
design tol erances may require crud, linmts on crud and
oxidation that don't have anything to do wth
nmechani cal performance. It could be that there's a

fit difference.
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Now we' re not tal ki ng just fuel rods here.
We're talking all the assenbly conmponents, including
gui de tubes, grid spacers, nozzles, and things like
that. So when we're tal king about defining limts on
oxidation, hydriding, and buildup of corrosion
products, for those other conponents, these other
paranmet ers may need -- ot her perfornance paraneters --
ot her thermal performance or design tol erances could
-- may define what the oxidation limts should be, so
sonme clarification there would be hel pful.

In terns of the rod internal pressure
this one, this particul ar paragraph has to dowth rod
internal pressure. There is a specification for no
reorientation of hydrides in the radial direction in
the cladding, but there's no definition of what no
reorientati on neans.

For exanple, recrystalizing material
because of the crystalline nature of the cladding
material, the grain orientation, there is a tendency
to have radial hydrides form even without a tensile
stress. So when you do a hot cell exam nation and we
| ook at a high burnup BWR rod, for exanple, we could
see sone radial hydrides there.

| s that due to over pressurization? No,

it's not, but those aren't reoriented due to system
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over-pressure. They were just there because of the
natural tendency of the material to form sonme radi al
hydri de. So how do we denonstrate conpliance of this
gui dance is going to be a little tricky, and we need
sone clarification there.

In terns of the rod failure criteria or
the fuel rod failure criteria, on the hydridi ng where
it tal ks about both external and i nternal sources, the
primary focus of that section has been on interna
sources of hydriding related to sources com ng from
the fuel or other conponents inside the cladding.

It doesn't really seemto be appropriate
to i nclude external hydriding sources at this point in
the SRP, because it really just is kind of sone
i ntroductory comments, but there's no gui dance given.
Most of the guidance appears to be given in the
section I1.B.vi, which is the sources of external --
pellet-clad interaction.

That's where the external hydriding
comment or issues are addressed, and we feel that just
kind of some reorgani zation there and novi ng, just
sticking to internal hydriding in Il1.1.B.i would be
appropriate and then noving all the external hydriding
issues to the I'l1.B.vi would be nore appropriate.

W're going to now the pellet-clad
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interaction section. First there's a -- just | think
this is probably nore a typographical error than
anyt hing, because Dr. Wi had it in his slide that it's
strain-driven, but in the docunent it says stress-
driven, so there just needs to be a, you know, this
needs to be corrected.

And then for -- there is a focus there in
t hat section on waterside corrosion as a surrogate for
hydrogen. 1t should be recognized that that may not
apply for BWRs, so the wording there may be -- it may
be nore appropriate, instead of just referring to
wat er si de corrosion, addi ng hydr ogen cont ent
distribution and orientation as a neasure of the
nmechani cal performance may be a better definition of
howto define that limt, the strainlimt, instead of
defining it in terns of corrosion thickness.

And also, in terms -- again, this is
probably just a typographical thing. The nechani cal

testing should denonstrate that ductility is well

above one percent strain criteria, not -- it says
within. Wthin would apply to ne. It should be bel ow
one percent. | don't quite understand that one.

Now here's one where there is sonme new
gui dance provided here in the PCl interaction, the

pel l et-cladding interaction section, and that has to
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do with power nmaneuvering guidance. There's

di scussi on there about vendors have views or have
provi ded fuel design |imts based on power
maneuveri ng.

Cenerally that's not considered a fuel
design Iimt such as a ranp rate or threshold powers
for power naneuvering, reactor startups or m d-power
cycl e maneuvers, but there is sone indication there
that that's nowa fuel designlimt, and I'mnot -- it
doesn't seemclear to nme that that's appropriate for
this particular section, anyway.

My suggestion would be to take this
paragraph and redefine it and nove it into a
subsection unrelated to analytical predictions on
PCI/PCM. It seens |like the primary focus is to
define that there needs to be anal ytical cal cul ations
done to denobnstrate that you neet the one percent
criteria, and there should be sone gui dance on how
that PCM cal cul ati on shoul d be done.

And that's the purpose of that paragraph,
primarily, seens to nme, and it should just be noved
into the anal ytical predictions section just |ike the
clad collapse was nodified. Add a section on PCM
anal ysis nethods. So that's what | talk about, and in

that you could then renove the reference to the power
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maneuveri ng gui dance.

And t hen we have a second point, and that
is for AOO transients that are fairly short-term on
the order of half an hour or less, really gaseous
swelling is not really an issue, and so there is sone
requi renent there for treating gaseous swelling. For
postul ated accidents, it's a separate story, but AOCCs
addi ng a requirement for gaseous swelling seens to be
over specification.

Now | et's nove on to fuel coolability. On
t he cl adding enbrittl enent there, there is a statenent
that says that the ECCS perfornmance anal ysis nust
satisfy the fuel design criteria. | believe that
really should be acceptance criteria in 50.46(b). |
don't believe that's fuel designcriterianecessarily,
again, just trying to be consistent in our
t erm nol ogy.

For fuel rod ballooning related to ACGCs,
we believe that this is precluded already by other
fuel design criteria. 1t doesn't need to be
specified, and that would be in section Il.1.Civ,
where it tal ks about AOOs, because for AOCCs we're
goingto belimting the cladding tenperature to bel ow
the DNB limt, so you're really not going to get

bal | ooni ng.
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You' I | be bel owthe tenperature needed to
start ball ooning, and you're also limting the strain
to one percent strain from section on the pellet-
cladding interaction limts. So those two should
precl ude DNB propagation during AOOs. That's our
interpretation on rod ballooning and DNB propagati on
related to rod ballooning. It should be precluded by
the other two criteria.

Now if we just go into the analytica
predi ctions, there was again a section on fuel
tenperature, stored energy cal cul ati ons, which nakes
a reference to the clad hydriding. As far as we're
concerned, clad hydrides play no role in the
cal cul ati on of stored energy.

This gets back to -- it was added
primarily to address PCM -rel at ed cal cul ati ons, and so
we recommend a new subsection that defines the PCM
anal ysis methods and what the expected conponents
woul d be for that kind of cal cul ation.

And then, again, for the analytical
predictions there's a reference in the mechanical -
water reaction rate definition where there's two
definitions of providing technical, appropriate
technical data to support the nodel, and we believe

that Reg Gui de 1. 157 already al |l ows t hat best-estimte
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reaction rate nodel to be provided.

You know, it doesn't need to be specified
twice. |It's repeated a couple of tines. It says you
can use either Reg Guide 1.157, or you can provide
your technical basis for the new nodel, and in Reg
GQuide 1.157 it says you just need to provide your
technical basis for a nodel, so there's kind of
redundancy t here.

On the NWMRA criteria, these are the
comments that we had, and we've al ready communi cat ed
these to the staff, and that is, first off, it wasn't
cl ear on what was neant by internediate full-power
operations in the SRP. In the technical guidance
docurnent that was provided that the SRP was based on,
it stated greater than five percent, so we want to add
rated power |evels greater than five percent is what
was neant by internmediate and full power conditions.

In the fuel cladding failure criteria
related to PCM, there were two clarifications that we
wanted to make sure got included, and that is that
first that they -- we were tal king about the pronpt
radi al average fuel enthalpy when it tal ks about
radi al average fuel enthalpy change. They were
tal ki ng about the pronpt part.

And t hen al so for the hydrogen content for
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BWRs, for hydrogen content to be above the solubility
limt when defining the criteria, and that recogni zes
that -- it gives sone recognition to the tenperature
effects on cladding ductility and provides us an
option for hot-zero power BWR events to allow sone
i mprovenent .
It's not all the inprovenent. As (dell

said, we believe there's additional inprovenent
related to tenperature, but this at |east gives us

some i nprovenent in terns of the solubility limt

i ncreasi ng.

And then finally, this one has not yet
been really communicated to the staff -- those three
were -- is the clarification on the requirenment of no

fuel nmelting only applies to hot-zero power control
rod ejection or control rod drop acci dent events that
have the tenperature peaking in the periphery region
where you have quick access to the cool ant and that
fuel nmelting is still allowed for hot-full-power
events where the peak tenperature occurs at the

centerline. W'd like to have that clarification.

This is already accepted. |In terns of the

fuel nmelting, we already have for hot-full-power
events an accepted nethodology that allows fuel

nelting in the centerline of the pellet.
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CHAl RMAN ARMJO. So this is a -- this is

a new comrent that the staff hasn't received yet?

MR. MONTGOMVERY: That's correct, and it
relates to the relationship to RIA. In the previous
comments before the RIA we have not conmuni cat ed
those to the staff yet. Just on the Appendi x B have
we tal ked to the staff, but this one was not included
at that time on the centerline nelt.

So our reviewsays that there will be sone
i mpact on the fuel rod and desi gn process, core design
process of these new revisions. The inpact has not
been fully assessed yet. W had sonme concerns that
we' ve identified, and we are going to subnit those in
aletter to the staff. W have not done that at this
point. W wll wite all this up and submit it to the
staff in a letter, and | hope that we can work with
the staff to address these conmments in the next
revi sion of the SRP.

CHAI RVAN ARM JO kay. Any questions or
comments from Menbers or the staff?

MR. WJ: Yes, | appreciate -- this is Shih-
Liang Wi. Yes, | appreciate. | have a coment. Yes,
this, yes, we adnmt that we're mssing naybe a
technical error in ternms of like, for instance, one

percent should be way above one percent, and then
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there's other editorial, | nean, error place |ike
acceptance criterial instead of field criteria.

But | have one comrent i s when you nention
t he oxi dati on that we say that acceptabl e strength and
ductility, well, we will consider your situation, try
to look into that, you know, naybe better define, but
the other point is |I would like to point out is
sonmetimes we start delivery -- not delivery.

| nean sort of nake a kind of a little
vague, because that's why this different brand of
licensing can refer to different technology, and
that's, for exanple, inrawpressure, systempressure,
di fferent vendor got different nunber. | just want to
try to explain that.

Sonetinmes we don't deliver it. W don't
specify. W just put a certain criteria and that the,
you know, the industry deliver their own basis here.
That's my conment.

MR. MONTGOMERY: Thank you.

MR. CLIFFORD: Wth respect to the notion
that you don't have to consider balloon or burst or
anything in AOO because you don't go into DNB, you
al ways have to consider the critical pressure froma
perspective of a depressurization event.

| f you had an excess | oad event or a steam
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geo tube rupture or anything which would drop RCS
pressure down towards your trip set points, you would
need to ensure that you wouldn't balloon or burst
during those events. That's why those words were put
in there, recognizing that those events are not in
DNB, but there's still the fact that the delta P
across the cladding is increasing as RCS pressure is
decr easi ng.

MR. MONTGOVERY: But ball ooning and DNB
propagati on consequenci ng from bal |l ooni ng woul d have
to occur at cladding tenperatures beyond DNB, 800 C
type tenperatures.

MR CLIFFORD: Right. Right. There's two
nmechani sms at play here. One's the rod interna
pressure. The other one is the creep properties of
the high -- the high tenperature creep properties of
the material, and |'msaying if you were to determ ne
that no-clad liftoff during normal operation all owed
you to be at -- make up a nunber -- 3,400 pounds per
square inch --

MR. MONTGOMERY: Ri ght.

MR. CLIFFORD: -- then you would have to
show that during an AOCO that you wouldn't fail that
cl addi ng because of RCSD pressurization. Now instead

of 3,400 mnus 2,250, it's 3,400 mnus 1,800. The
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delta-P across the cladding is increasing during the
event. You'd have to ensure that your clad maintains
enough strength. Even though the tenperature of the
cl adding i s at norrmal operating tenperatures, you have
to make sure it maintains enough strength so it

woul dn't bal |l oon or burst.

VR. MONTGOMERY: Okay. | see the
clarification. | think that you still would be
limted by -- | can see how you can disposition that

by showi ng that you won't balloon or burst at those
t enper at ur es.

MR CLIFFORD: Right. | didn't -- you
know, |'msure you can disposition, but it's sonething
that just has to be | ooked into.

MR. MONTGOMERY: Ri ght.

CHAI RMVAN ARM JO Al right. Well, if
there's no other comments fromthe staff, we're ahead
of schedule, which is good news. |It's noon now, and
let's reconvene at 1:15.

(Wher eupon, the foregoing matter went off the
record at 12: 00 p.m and resuned at 1:16 p.m)

CHAI RVAN ARM JC. kay, gentlenen. W're
going to resune, and there have been a couple of
changes to the proposed schedule. The presentation

related to LOCA is not going to be given. W've
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conpl eted t he corments, industry conments on ot her SRP
4.2 changes, so we really, as far as | know, have only
one presentation left, and | don't know who the
speaker is going to be. Sorry.

MR. DARDEN:. Ckay. This is correct on
here. |'m Gary Darden from Dom ni on Generation, so
"1l be presenting this |ast presentation.

CHAI RVAN ARM JO Ckay, M. Darden.

MR. DARDEN. All right. Thank you. 1I'd
like to thank the Subcomrittee again for the
opportunity for myself and the rest of industry to
present at this gathering. This presentation involves
a discussion of some of the potential inpact of
i nplenenting the interimcriteria and ultinmately the
final criteria, you know, for operating plants in
parti cul ar.

The I ndustry and staff do concur, | think.
It's clear that there is not a safety issue with
regard to the criteria. That's stated in our staff
position, and the Industry does agree with that. As
was nentioned in one earlier slide, NEl did submt a
letter in early March to NRC staff for consideration
to deternmine a potential inplenmenting schedule for the
RIA criteria, and that had two points which were

mentioned earlier, that the interimR Acriteria were
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not proposed to be applied to existing plants, and the
final criteria when those are issued have an
i npl enentation tinme frame of five years fromrel ease
for the operating plants.

Now based on what we have heard in the
presentations this norning, we believe the NRC staff
position is consistent with that, but it woul d be good
to have that guidance nore specific in terns of if
that is the intent of not applying the criteria,
interimcriteria, at all for the new plants and then
-- excuse nme -- for the operating plants, and it would
be very helpful to have a specified tine frame in
which the operating plants would be needing to
i npl enent these criteria.

A major portion of this tinme frane that
woul d be required is to just allow nethodol ogi es and
assessnments to be put in place that would support
conpliance with the new criteria. |'ve listed four
key steps here that would be involved in such an
activity.

The vendors and |icensees would have to
develop and license the criteria, the devel opnent and
validating of the criteria, which could take a coupl e
of years. The NRC first would typically conduct a

generic revi ew of the nethodol ogy, and then plants on
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a plant-specific basis woul d need to i ncorporate those
anal yses for their plant and submt that in all
likelihood to NRC staff for review and approval.

So there would be a separate plant-by-
pl ant review activity that could be involved, and all
of this, you know, could very well take the five years
or potentially longer that | was suggesti ng.

CHAIl RVAN ARM JO Nowif thesecriteria are
applied to new plants, sonebody is going to have to do
exactly all of those things to neet, to have the new
plants |icensed, and | woul d expect that the Industry
woul d l earn a lot fromthe work done on t he new pl ants
and could significantly shorten this tine.

MR. DARDEN: That's correct. | nean, these
same type of activities would be needed for the new
pl ant anal yses and | i censi ng, and t here shoul d be sone
| essons | earned fromthat, hopefully before that woul d
need to be applied to the operating plants. | nean,
that's the premi se here, that the operating plants
woul d have sonewhat |onger to deal with this at all,
you know, then the new plants. That should be an
expectation from hopefully having gone through that
first for the new plant activities.

In the potential situation that the

interim criteria were inplemented on the existing
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pl ants, you know, there are a couple of activities
here and concerns with that. W've just addressed the
nmet hodol ogical item The current approved methods in
nost all cases are just not adequate to neet the
expected limts that we have seen w thout sone
potentially significant effects on the reload core
designs, at least for sone of the plant fleet. You
know, this is not wuniversal, but for sonme of them
there would definitely be sone of these issues.

And another item | think this was also
alluded to earlier, the inplenmentation of the interim
criteria as it exists would preclude further benefit
that may be gained fromadditional test data that is
expected, and some of that data nay very well allow
rel axation of the current interimcriteria.

Another itemis really just a resource
chal l enge. Should the Industry for the operating
pl ants, you know, first be required to inplenent the
interim criteria and then potentially perform
additional analysis for the final criteria. That
could be a real challenge to NRC and |Industry
resources, so these are sone of the reasons we're
suggesting the delay for the inplenmenting of the
criteria for the operating plants.

The next two slides, and | won't highlight
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this any longer. The next two slides do indicate sone
of the particular issues that may exist in having to
neet the nore restrictive limts. |In general, the
strategi es i nvol ve doi ng things in actual core designs
and pl acenment of fuel assenblies that woul d reduce the
rod worths, that would then reduce the severity of the
calculated reactivity insertion accident, and the
values listed here for some of the plants could
involve inpacts of ten to 20 percent increase in
nunber of fresh fuel assenblies that do need to be

| oaded on each batch and potentially either separate
fromthat or in conjunction with that shorter cycle
lengths to try to accommpdate the sane objective.

In the course of |oading new additiona
fresh assenblies, just wth Ilimted space and
pl acenent in the core, there may be the tendency of
needing to load sone closer to the core periphery,
whi ch woul d tend to increase the power that's seen in
those locations and could cause additional side
effects such as increases in vessel fluence, which is
asignificant materials i ssue with vessels nowin somne
cases.

CHAl RMVAN ARM JO Now you distinguish
bet ween the inpact on the BWRs and PWRs. Wat's the

mai n reason for that having a greater inpact on BWRs?
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MR. DARDEN:. A nore significant inpact to
BWRs, | don't personally have that information right
here. |Is there soneone el se that would conment on why
t he degree of the effect would be | arger?

MR. JAHING R |I' mNayemJahi ngir fromGNF.
For BWR, the criteria, the interimcriteria proposes
on for core conditions, so BWR kind of -- the startup
is limted at the core geo power, and nost of our

pl ants should be inpacted with this proposed interim

criteria.

CHAI RMAN ARM JO  kay.

MR. DARDEN: Ckay, the next slide shows a
few additional itenms. In |oading nore fresh

assenblies, of course there would be nore di scharged
irradiated assenblies, and that wuld lead to
potentially additional expenses in dry cask storage
and just logistics of handling additional fuel
assenbl i es.

The reduced rod wort hs, which are a desire
for meeting the rod ejection issues for BWRS, could
reduce sone operational flexibility in BAR startup in
parti cul ar and possi bl e PWR power maneuvering. So, in
general, we would anticipate for these potential
i ssues, sone of which mght be rather costly, you

know, mnimal benefits in safety of inplenmenting the
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interimcriteria for the operating plants.

In conclusion, there have been sone
inmpacts identified that would be associated wth
inplenmenting the interimcriteria. There is a
concurrence, | think, with what, fromthe |ndustry,
with what we believe to be the NRC approach to
establish the final criteria, and in conjunction with
that it woul d be hel pful once again to have a schedul e
for inplenentation defined so that that woul d gi ve t he
| ndustry not just the benefit of the numerical target,
whi ch was nentioned earlier of the interimcriteria,
which we do appreciate, but also sonme certainty in
terms of what the inplenmenting tine frame would be
that we are alsotryingtotarget. 1In all, this |ooks
like a reasonabl e bal ance of resources and safety
consi derations, but that specifiedtine frame woul d be
very hel pful to have.

MEMBER SHACK: But this sort of | eaves the,
you know, the operating plants with the old criteria,
whi ch we kind of all agree are not really right. How
about an Industry effort to foll ow your own criteria
as a mddle ground?

CHAI RMVAN ARM JO Technically, intheright
direction but not as --

MEMBER SHACK: Technically in the right
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di rection.

CHAI RVAN ARM JO -- conservative as the --

MEMBER SHACK: Not as conservative.

CHAI RMVAN ARM JO ~-- as the interim

MEMBER SHACK: But, you know, it gets away
from the ~current criteria, which are clearly
unrealistic.

MR. DARDEN: Correct. No, they are not,
but that is sonething that, you know, could be taken
into consideration, | suppose.

MEMBER KRESS: It woul d be a waste of tine
unl ess the NRC staff agrees that that's an acceptable
sol uti on.

MEMBER SHACK: Well, they're currently
going to accept the current criteria.

MEMBER KRESS: Wl |, they had to agree to
accept that as sone sort of --

MEMBER SHACK: Well, this is clearly nore
conservative than that, so |I'm assumng if they're
willing tolive with the current criteria, they'l
live with anything that's nore conservative than that.

MEMBER KRESS: Until what?

MEMBER SHACK: Until --

CHAl RVAN ARM JO Until the final criteria.

MEMBER SHACK: Until the final criteria
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come out .

CHAI RMAN ARM JCG It's really converging
coming fromtwo different directions.

MEMBER SHACK: |I'mjust alittle concerned
that, you know, people are going to be doing power
uprates, all those sorts of things that are going on
out there mani pulating this fuel, and, you know, these
guys get to work with something that we universally
agree is not right. Now, you know, nmaybe we can't
universally agree on what is right, but it just -- it
i s a suggestion as an approach.

MR. DARDEN: Ckay. The point is well taken
for that.

CHAI RVAN ARM JO |'m not sure that the
staff has said that they are goingto -- well, |I'mnot
exactly sure what the staff has said as far as the
interimcriteria. 1'd like to hear it again.

MEMBER SHACK: And operating plants.

CHAI RVAN ARM JO.  What about the operating
plants? |Is the reconmendation from I ndustry
consi stent with what you' re thinking of doing, or are
you just not ready to say? Industry first.

MR. MENDI OLA: Fundanental ly, our plan is
to apply theinterimcriteriato the applicants in the

design certifications and the COL applicants, and we
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are well aware of nost if not all of these issues that
t he operating plants have about providi ng, addressing
these criteria to them as well, and that seens to be
the rub is howto do this best and considering all the
time tables and not to have this terribly long tine
period where you have two different sets of criteria
bet ween the two different reactors, those being built
and those that are currently operating.

W hope to cone up with a reasonabl e
solution in our still draft and yet to be issued
regul atory generic comuni cati on tool here, but we're
still westling with all the issues that you've just
heard the I ndustry speak of.

CHAl RMVAN ARM JG  So you haven't nade up
your mind yet? You haven't taken a position yet on
when you would apply interimcriteria or whether you
woul d wait until there is final criteria ready to go?

MR. MENDI OLA: W haven't had the highest
| evel of buy-in, | guess, is the best way to put it
anong our nmanagenent about that. Qur positionis to
staff's position. M branch's position -- let's try
it that way -- is to approach it with a -- just to the
design certifications and the COL applicants -- sorry,
nmy voice i s changing -- and address the final criteria

on a -- address the final criteria on a schedule to
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all plants for the deadline.

CHAI RVAN ARM JO. But that schedule is yet
to be determ ned.

MR. MENDI OLA: Correct.

CHAI RVAN ARM JO  kay.

MR. MENDI OLA: That schedule is yet to be
det er m ned.

CHAl RMVAN ARM JO. kay. | think we know
where you stand. Paul, did you want to add anyt hi ng?
MR. CLIFFORD: He is ny boss.

CHAl RVAN ARM JO. kay, | got that. All
right. Al right. So | think that's the best answer
we have right nowon that, so any other questions from
the Committee? Fromthe attendees? |ndustry?

Vell, gentlenen, | think we are finished
for the day, and 1'd like to thank the staff and
presenters fromlndustry, EPRI, Anatech, and al so from
Domi ni on.

MEMBER SHACK: You don't even want to | eave
a copy your LOCA slides?

CHAI RVAN ARM JCO Bel i eve nme, we've got
a lot of LOCA slides. W can always have sonme nore.
If you want to |leave that, that would be fine. So
unl ess there's any ot her cormments or questions. Ckay.

MR SISK: | want to pick up on the
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guesti ons.

CHAl RVAN  ARM JCO kay. There's a
guesti on.

MR SISK Yes, this is Rob Sisk with
West i nghouse.

CHAI RMVAN ARM JO  kay.

MR SISK: And | just want to clarify just
for conpl et eness of eval uati on that when we tal k about
a new plant we need to nake a distinction or
clarification between certified new plants and
uncertified newplants. 52.63 finality of design does
require some consideration for how they're going to
i npl enent these SRP and these criteria for certified
desi gns.

CHAI RVAN ARM JO. That's a very good poi nt.
| think the Committees, this Conmttee or other
Comm ttees, have asked that question before. Does a
certified plant really -- that's going to be built, is
it subject to the old criteria or the new criteria,
and that's sonething that the staff has to be nade
clear. | think many in Industry would assume that
certified is certified, and that's it.

MR CARUSO It depends on what we're
certifying.

CHAl RVAN ARM JO. Wl |, assum ng --
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MR. CARUSO For sone of the certified

designs, there was nothing certified about the fuel.
It was just the fuel was considered to be this product
line, and it would be dealt with in the future.

CHAI RMVAN ARM JO. You know, as long as |
have the NRR here, | could ask themthe question.

MR. CLI FFORD: Yes, fuel designcriteriais
a Tier 2 star requirenent in the DCD process and
subject to change. It is kind of a gray area in how
you deal with sonething that was certified, you know,
with the understanding that this was in flux, but
ultimately, you want to make sure that the systemt hat
is being designed, the actual hardware and the NSSS
design is capabl e of mtigating the consequences as an
end, whatever the acceptance criteria is.

MEMBER SHACK: | nean, this is a conpliance
guestion, right? W have no new requirenents here.
We're only arguing over what is necessary to
denonstrate that you've met those requirenents.

MR. CLIFFORD: Well, you know, there's a
hurdle to junp when you go backfit. You know, when
you're going to send a Comrission order to tell
sonmebody they need to change their license, that's a
big hurdle to, in a sense, forward fit. | know that's

not the correct term but to address sonebody before
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they have a license issue is a rmuch smaller hurdle.

CHAI RVAN ARM JC. | totally agree with
you.

MR DUNN: This is Burt Dunn from Areva.
It mght help you all -- you know, the issue of rod

ej ection accidents, et cetera, for the PWNRs, at | east,
has been very evidence for sone period of tine now,
and in the advanced reactors or the new reactors
com ng down the street, at |least for EPR, that's been
consi der ed.

One of the things, a question asked
earlier, was won't you learn from these new ones.
Vell, as it turns out, the EPR is designed with a
| oosely coupled core. It's big, and the result of
that is rmuch reduced rod work, so it's going to be
easier for us to conply with newregulations, andit's
probably true for various reasons across the new pl ant
spectrum

CHAI RMAN ARM JO | don't know what t he BWR
guys woul d do to just elimnate the rod drop acci dent,
but agai n a nechani cal desi gn m ght sol ve that probl em
rather than all of this stuff.

MR CLIFFORD: It's kind of a weird
situation, because, okay, say you say, "Wl l, you have

a design certification that doesn't need to conply,
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because it's already frozen. |It's designed."” Wll,
two years from now, you issue final, and you do a
backfit. This backfit's going to be inplenented years
before the plant starts up, anyways.

CHAI RMVAN ARM JO Kind of mnd boggling
Vell, it's sonmething to think about, and | think it's
goi ng to cone up again, what the staff positionis and
the Commi ssion's position is on certified plants.

MR. CLIFFORD: W plan on witing a R'S,
and i f nothing else, that will force managenent to at
| east consider this and agree upon it before it gets,
you know, publi shed.

MR. SI SK: Rob Sisk, Westinghouse, again.
| do want to address -- | think the one question here
that goes across the board, whether it's operating
plant or certified design, we're talking about an
interimcriteria here. There is a level of effort
that has to go into play every tine we have to go back
and redo these anal yses.

The question becones do | have to do this
for a certified design one, two, three tines, and the
guestion is when is the appropriate part? The sane
for the operating plants that really have to consi der
when the value in doing these analyses and how

frequently these anal yses should be done in the
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interim

MR CLI FFORD: You know, on a side note, |
nmean, the staff has been criticized by the ACRS pretty
frequently when we've cone in here with a power
uprate, and it says 280 calories per gramon it.

MEMBER SHACK: Well, | was just going to
warn you that that's going to continue.

MR CLIFFORD: So, | nean --

MEMBER SHACK: Don't resent that part of
t he anal ysi s.

CHAl RVAN ARM JO W want to have our cake
and eat it, too, sothat's a problem Ckay, if there
are no other comments or questions, | think we've had
a good experi ence.

MR SCOTT: This is Harold Scott from
Research again. | wanted to nmake the point that we've
tried to make sonetines in some of these other
neetings that you can either try to squeeze all of the
margin out of the criteria, or you can try to sort of
squeeze sone of the analysis, and we don't think
enough effort has been put into the squeezing the
anal ysis part.

You know, | nean, we can probably --
Robbi e Montgonmery and | can argue for years about

cracking and whether the failure criteria or the

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 (202) 234-4433




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

155

coolability criteriais Xor Yor Zcalories per gram
but maybe it turns out that by some sinple changes in
anal ysis, 3D kinetics, or even just the way they
operate the plants the rod worths aren't going to be
that high. Thank you

CHAI RMAN ARM JO Ckay. Well, with that,
we'll close the neeting, and | thank everybody for
their presentations.

(Whereupon, the foregoing nmatter was

adj ourned at 1:37 p.m)
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